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PEEFACE BY THE ENGLISH EDITORS. 


The first section of our present i^olume embraces one of the most 
ancient and interesting branches of manufacture, namely, the manu- 
facture of glass. It is followed by that of earthenware, with which, 
in a cjremical point of view, it has much in common. The former 
has recently been relieved in this country from the vexatious restric- 
tions of the excise laws, and already stands forth a bright example 
of the wisdom of modern legislation in removing all fiscal regula- 
tions from trade. Its rapid development, the numerous valuable 
practical improvements introduced in its manufacture, and the daily 
novel applications which are being made of it to the purposes of life, 
are so many proofs of the policy of leaving manufactures in a free 
and natural state. The baneful influence of previous control still 
lingers in that branch knowm as flint-glass, in which the habits and 
prejudices of the consumers, engendered by long usage, compels the 
manufacturer to employ a most expensive article in its preparation, 
long dispensed with in foreign productions. One impediment to the 
full development of this branch of manufacture still remains in the 
duty on windows, which we hope wull shortly be repealed, and by 
increasing the facilities for obtaining pure air and ventilation, will 
prove an inlportaiit step towards the improvement of public health. 

Our Author’s account of this branch of manufacture has been 
found quite insufficient to afford an idea of the nature of the opera- 
tions in the English glass-houses, and we have consequently found it 
necessary to add here, as, also, in the other sections, much original 
matter, relating more particularly to English plans and processes. 

The contrast which the earthenware manufactures present, in their 
extent, their general prosperity, and the wonderful cheapness of their 
productions, encourages the cheering hope that, ere long, this country 
will hold as distinguiwshed a place for its glass manufacture as it 
already does in the case of the earthenw^are, where the name of 
Wedgewwd makes many a continental production pass current in 
Europe. 

In the present depressed state of the copperas trade, which is likely 
to continue, unless some new application of this article can be dis- 
covered, we hope our present volume will be found to contain some 
information of value. The American market for sulphate of iron 
having J^en nearly closed by their recent tariil', and the disuse of this 
substailll in other branches pf trade, leads us to believe that our 
manufacturers will do well to adopt the practice which prevails abroad 
in respect to the use of this article. 



iy ' preface BY THE AMERICAN EDITOR. 

Our fourth group contains much information which is new to the 
great bulk of the English public, in which the recent researches of 
Fuchs, ICuhImann, and others, are explained, and their application to 
the manufacture of cements and artificial foundations detailed at some 
length. We have also added one or two sections on the manufacture 
of uaagnesian salts, which are ctrried on to a very great extent in 
this country, in consequence of the peculiar facilities which it oflfers 
for the production of these articles. 

While our friend. Dr. Knapp, is engaged in the preparation of 
Another volume on articles of food, &c., we have undertaken that 
branch of Technology, more appropriately known as Metallurgy and 
the Chemistry of the Metals, to ensure the least possible delav in the 
completion of the entire work. ^ 

We have great pleasure in expressing our obligation to several 
gentlemen who have afforded us much valuable assistance in adding 
practical information connected with English manufactures. Amongst 
these, we are more particularly indebted to Mr. Apsley Pellatt and 
Mr. Charles Cowper, for information connected with the glass manu- 
facture. 

TaMr. Minton, of Stoke, and Mr. Singer, of Vauxhall, for facts 
connected with their respective manufactures, (English china and 
stone- ware.) 

To Mr. Woolrich, of Birmingham, and Mr. Scanlan, for the ac- 
counts of the preparation of the commercial compounds of barytes 
and strontia. 

No less, if not greater, expense has been incurred by our enter- 
prising publisher in furnishing the illustrations for this than was the 
case with the first volume, and to him our grateful acknowledgments 
are also due, feeling assured that no exertion has been spared upon 
his part to render the present volume equally worthy of the public 
support enjoyed by the first. 

Lo:(i>ox, October 14, 1848. 


PREFACE BY THE AMERICAN EDITOR. 


The very rich and copious fund of information contained in the 
original volume of which this is a republication, especially in those 
parts which relate to the two principal topics, glass and porcelain, 
has precluded the necessity of much extension in the details, in order 
to render the work useful to the American Reader. The ma^^acture 
of plate glass is yet scarcely introduced into America ; and l(|pworks 
having extensive circulation here, can be tited as affording reliable 
and practical information to those who may desire to establish that 
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branch of industry. In other departments of glass manufacture the 
American artisan is not probably so far in the rear of the European 
as in that of making plate glass. In the making of cylinder window- 
glass, of pressed hollow glass, and many articles of furniture from the 
same material, the American glass houses appear to take a more active 
part, and several ingenious American inventions which we have in- 
troduced, and which are connected with these branches of art, prove 
that the intense activity of the American inventive genius has not 
been dilatory in applying itself to this department of manufactures. 

In the second division, that >vhich treats of the manufacture of 
alum, green vitriol, and fuming oil of vitriol, will be found a great 
number of data useful to the American Chemist, by an attentive study 
of which, the manufacturers of our country may cease to rely on 
foreign supplies for those important articles. 

In many coal workings of the United States — anthracite as well 
as bituminous — the shales are largely impregnated with sulphuret 
of iron, and the observations found at page 181, will apply with full 
force to their heaps of waste. These heaps, instead of being made 
sources of profit, as they might be by certain cheap and simple ar- 
rangements for economizing the results of their decomposition (for 
which instructions are given in this volume), are now worse than 
useless. 

In the third group, that embracing clay-wares, pottery, and por- 
celain, the information will be found no less opportune than that 
respecting plate glass. The various machinery and operations 
adapted to porcelain manufacture are so graphically set forth, and so 
clearly illustrated, that a comprehension of all the details should seem 
to present no diflSculty. In many parts of our primitive geological 
formations, the materials for porcelain are already known to exist. 

In the branch of manufactures embracing stoneware, bricks, and 
similar productions of the so-called ceramic arts, many full and inte- 
resting details will be found, more or less new to American artisans. 
In this department also, the editor has deemed it proper to make a 
few additions suitably illustrated. Some brick presses in extensive 
use may be noted as among the number. 

Acknowledgments are due to the commissioner of patents, and 
other officers of the United States Patent Office, for opportunities of 
selecting these and some other illustrations contained in this volume. 

In regard to hydraulic cements and mortars, the information of the 
original work has been augmented by the addition of numerous re- 
sults deduced by Col. J. G. Totten, U. S. Engineer, from his own 
experiments on cements, mortars, concretes and groutings, and pub- 
lished in his edition of the essays of Treussart, Petot and Courtois. 
These will commend themselves to the attention of the engineer and 
builder as well as of the general inquirer after useful, practical in- 
formation. 

The portions added by the American editor are, in general, desig- 
nated in the same manner as in the former volume, by brackets, 
thus [ ]• 



PREP'S BT THE AMERICAN EDITOR. 

The Englidi editors added very largely to the body of Professor 
Knapp’s work, besides giving notes, and an appendix which included 
a number of important illustrations. Their additions to the text were 
accompanied by a single engraved plate, containing numerous figures 
illustrating the manufacture of glass. These have all been changed 
to the fine wood engravings adopted for this work, and appear in 
their proper places, greatly facilitating reference. The articles con- 
stituting the appendix of the English edition have been distributed 
to their proper places in the body of the work; so that all the matter 
pertaining to each division is brought into view before proceeding 
to a subsequent group. These changes, together with the new figures 
added, will, it is hoped, leave nothing to be desired either in regard 
to the number of illustrations or the facility of using them. The 
execution of the cuts will speak for itself. 

In the great extension which has of late years been given to the 
arts in our country, the chemical department of technology may 
appear to have received less consideration than its relative import- 
ance might seem to demand, or its cultivation in foreign countries 
might lead us to expect. As an index to the relative advancement 
in this and other branches of art, we may cite the number of inven- 
tions which have been brought out by the ingenuity of our citizens 
in relation to this and other subjects of improvement. From the 
foundation of the American Patent Office, in 1793, down to the 1st 
of January, 1849, there had been issued 16,208 patents. Of this 
number, those which relate to the subjects mainly treated of in the 
two volumes of Chemical Technology, which we have now placed 
before the American reader, embrace 2868 patents. Hence 17.7 per 
cent, or a little more than one-sixth of the w^hole inventive activity of 
the country has been directed towards the subjects of heating and illu- 
mination; culinary apparatus, the preparation of fuel; chemical pro- 
cesses, manufactures and compounds ; dyeing, color-making, distilling ; 
soap and candle making; mortars, cements, stone and clay manufac- 
tures, pottery, bricks, and other building materials. Yet notwith- 
standing this amount of ingenuity, relating, directly or indirectly, to 
Chemical Technology, the progress of discovery in the science of 
Chemistry is constantly enlarging the field of invention in the same 
departments. While the principles of pure mechanics have long 
since been made generally intelligible, the science of Chemistry is 
still in the full vigor and activity of growth. 

In Conclusion, the editor will express the hope that the true friends 
and promoters of practical science, useful arts, and industrial econo- 
my, may find that the task of placing before American artisans Ihe 
volumes now submitted to their inspection, has been performed in a 
manner not to derogate from the high character of the original work, 
or in any respect to compromise the dignity of science, while faithfully 
setting forth undeniable truths relative to the processes and economy 
of the arts. 


Wabhikotok, *^ril 10, 1849. 
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GLASS. 

Szstorical . — The origin of the art of glass-making is lost amongst 
the most ancient historical records. Mention is made of glass in the 
Bible about the time of Job, as a most valu able curiosity. The anecdote 
related by Pliny, that Phenician dealers in native soda, halting on the 
shores of the river Belus, and resting their culinary vessels over a fire, 
upon lumps of soda, caused the soda to unite with the sand of the 
shore and form glass — is a contradiction to all well-grounded ex- 
perience. The heat of an open fire is totally insufficient for the pro- 
duction of real glass. Both Pliny and Strabo, however, give very 
accurate accounts of the glass-houses in Sidon and Alexandria, which 
prove, that not only the manufacture of glass was known at that early 
period ; but also, that methods of cutting, grinding, gilding, and color- 
ing were practised. Nevertheless, glass was always a most costly 
rarity amongst the ancients, and totally excluded from all applications 
of daily occurrence. It was only after the art of glass-making had 
been brought from its original seat to Venice, where the glass-houses 
which may still be seen on the island of Murano, were the only exist- 
ing and justly celebrated manufactories of their time, that it became 
gradually and slowly disseminated, first into Bohemia, then into France, 
from thence to England, and lastly into Sweden. Colored window- 
glass is known to have existed in the third century, but only in 
churches ; and yet, it is considered probable that the fragments dis- 
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covered in Pompeii are relics of blown w^indow-glass.* The use of 
white glass for windows in dwellings, dates from a much later period ; 
these were first [generally] introduced into England in the year 1180 
and were not used in Vienna until the year 1458. 

The establishment of the first glass-house in England occurred in 
the year 1557, and in Sweden the art was introduced by Germans in 
the year 1641. 

It is also fully authenticated, that glass tears, or Rupert’s drops, 
were known to the German glass-makers in the year 1625, although 
their properties were first explained by Chanut in 1656. 

Colored glass, made in imitation of precious stones mtrm\ 

is mentioned by Pliny, by Trebellus Pollio in Galieni^^'^ 

and by Tertullian, in whose time these imitations were as valuable 
as real pearls. The Emperor Hadrian received several colored glass 
goblets as a present from the Egyptian priests. 

Although the art of glass making takes a prominent place in the 
technological literature of former times, being described at consider- 
able length ; for instance, in the seven books of Anton Neri, of Flo- 
rence, in the work of Christopher Merret, an Englishman, and more 
particularly in the ars vitriaria^'* of John Kunkel in the year 1679; 
yet the theoretical explanation of the process was only afforded by 
modern chemistry, and chiefly by the researches of Berzelius into the 
nature of silica. 

JVature and Properties of Glass . — The substance that is termed 
glass is the product of fusion, at a high temperature, of silica (or some- 
times of boracic acid), with different salifiable bases, as potash, soda, 
lime, magnesia, baryta, oxide of lead, oxide of tin, protoxide of iron, 
protoxide of manganese, alumina, and the peroxides of iron and man- 
ganese ; the product solidifies after fusion in the form of a transparent 
mass, which is either colorless or not, according to the ingredients 
which it contains ; it combines a great degree of hardness with the 
property of resisting the destructive action of air, water to a certain 
extent, and even that of the more powjerful chemical agents. These 
valuable properties, notwithstanding they are coupled with great brit- 
tleness and fragility, render glass highly important as an article of 
domestic use, and also for the higher purposes of philosophical research. 
It is next to certain, that the rapid development of those sciences, 
which are based upon accurate observation and experiment, such as 
Astronomy, Natural Philosophy, Chemistry, and Physiology, could 
never have taken place without the knowledge of glass and its appli- 
cations. 

It is well known that silica acts the part of a powerful acid at the 
temperature of a red heat, and is capable of expelling carbonic acid, 
hydrochloric acid, &c., from compounds, and combining with the bases 
named above, giving rise to solid combinations. Glass, in short, 
belongs to the class of salts called silicates, and is an artificial pro- 


* The Portland vase, the most beautiful specimen of colored antique glass, was found 
about the middle of the sixteenth century, enclosed in a marble sarcophagus, and depo- 
sited within the tomb of Alexander Severas, who died in the year 236. 
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duction of a similar character to those natural compounds, which occur 
so abundantly in nature ; it dilBTers, however, from these in one essen- 
tial particular, that it possesses a distinctly non-crj^stalline structure ; 
or is, as it is scientifically termed, amorphous. Glass may be said to 
bear the same relation to a natural silicate of like composition that 
melted sugar does to ordinary crystallized sugar. 

Influence of the Constituents upon the JSTature of Glass , — It is obvi* 
ous that the properties of any kind of glass must be mainly dependent 
upon the nature of those bases which have been chosen for combining 
with silica in the process of fusion. The silicates of the alkalies are 
easy of fusion, and can consequently be produced at a moderately 
high temperature ; they are, however, readily dissolved by water and 
decomposed by acids, and would, therefore, constitute by themselves 
a useless glass. The same applies, although in a less degree, to 
the silicates of the earths^ as, for instance, to silicate of lime. The 
oxides of the more weighty metals, also, oxide of lead, for example, 
are easily attacked in this kind of combination, by substances possess- 
ing some degree of affinity for the base. The corresponding compounds 
of alumina offer the greatest resistance to decomposing agencies. 
Whilst the former, the silicates of potash, soda, lime, lead, &c., almost 
invariably retain the amorphous state on cooling, the difficultly fusible 
silicate of alumina, has a great tendency to acquire a crystalline struc- 
ture, and this property unfits the glass for ordinary purposes. By 
combining the simple silicates with each other, however, experience 
has pointed out a method of compensating or mutually destroying these 
conflicting properties, and producing a substance which neither loses 
its amorphous structure too readily, nor too easily suffers decomposi- 
tion. In fact, all ordinary glass (with the exception of those varieties 
specially employed on account of their solubility) is a combination of 
several silicates, or is a double silicate, and its properties and appli- 
cability are due to this, its compound nature. The properties of the 
simple silicates are, nevertheless, very distinctly marked in glass of 
this kind, and the most prominent characters of compound glass can 
always be traced to the preponderating influence of one or other of the 
bases. A knowledge of the influence of these bases is of the highest 
importance to the glass manufacturer, and the experience gained 
upon this part of the subject is chiefly as follows : 

Potash and soda render the glass easy of fusion, and the former is 
the more efficacious. A more brilliant lustre results from the use of 
soda, but at the same time a bluish-green tint is communicated to the 
glass. No coloring action is exerted by potash, but the brilliancy of 
the glass is somewhat diminished by it. 

Lime increases the hardness of glass, and adds more to its lustre 
than the alkalies. It exerts less influence in rendering the glass easy 
of fusion, and imparts no color to the produce, as is also the case with 
alumina, which, of all the ingredients, increases the difficulty of fusion 
the most, so that, when present in a certain very slight excess, the 
glass is enabled to resist the heat of the furnace. 

Oxide of Lead exerts a directly opposite action to alumina, being 
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a prominent ingredient in the easily fusible varieties, which are also 
characterized by great softness, a high degree of brilliancy, perfect 
absence of color, and by the property of refracting light more power- 
fully than any other kind. 

Barytes exerts a similar, although less energetic action. 

The oxides of iron and of manganese also belong to that class of 
bodies which render glass easily fusible, but do not materially affect 
its lustre. The presence of iron in the state of protoxide, which it is 
difficult to prevent, is objectionable in those varieties of glass which 
are intended to be colorless, or nearly so, as it imparts rather a deep 
grass-green tint. The yellowish-brown color produced by the same 
quantity of iron in the state of peroxide, is, on the contrary, much 
less intense ; when, therefore, the protoxide of iron contained in a 
specimen of glass is sufficient to communicate a distinctly green tint, 
and can by any means be converted into peroxide, the yellow color 
of the latter is so faint as to be hardly, if at all, perceptible to the eye. 

Glass, colored green by protoxide of iron, can consequently be almost 
completely discolorized by oxidation. With manganese the effect is 
precisely opposite, and peroxide of manganese (MnOg) is used for 
removing the color from glass containing the protoxide of iron. The 
peroxide is converted in this process into protoxide (MnO), which 
imparts no color ; but if any excess has been employed, it becomes 
reduced at a red heat to deutoxide (Mn^O^), and produces a deep 
amethystine-red glass. 

The other heavy metallic oxides, as those of gold, silver, copper, 
give rise to a great variety of very intense colors, and are conse- 
quently used in the manufacture as pigments, and of these and of 
their application we shall treat in the sequel. 

It follows as a general conclusion from what has been stated, that 
those varieties of glass which possess the highest degree of lustre and 
power of refraction, will also be the softest {i, e, the most easily 
scratched). They are likewise those which exhibit the highest spe- 
cific gravity (from 2.8 to 3.6), and, as might be deduced from that 
circumstance, they — at least as far as the colorless glasses are con- 
cerned — are those which contain bases with a very high equivalent or 
atomic weight (oxide of lead, baryta). Those bases, on the contrary, 
W'hich render the glass hard and durable, appear to produce little 
lustre or power of refraction ; the specific gravity of these varieties 
lies between 2.37 and 2.56. Strictly speaking, the alkalies, lime 
and oxide of lead, are the only bases expressly contained in the mix- 
ture for the manufacture of glass (without reference to the different 
coloring and discoloring matters). Magnesia sometimes accompanies 
the lime, and enters, but in small quantity only, into the composition 
of the glass. Alumina and oxide of iron are in like manner only 
casual constituents of the glass, being contained as impurities in the 
other ingredients. Even in those cases where these two bases enter 
in larger quantities into the composition of glass, they are never ex- 
pressly added to the mixture ; but are always derived from the impure 
materials. Thus, in the manufacture of ordinary bottle-glass, where 



NATURE OF GLASS. 


17 


color is of no moment, materials containing iron and alumina are 
employed. The origin of the small quantity of alumina which is 
found in glass that should properly be free from it, must be traced to 
the sides of the pots or crucibles in which the glass has been fused. 

The Mixture of Ingredients Compared with the Composition ^ the 
Glass . — The choice of the bases to be employed in the manufacture 
of glass must be guided by the purposes which the glass is destined 
to serve, and the selection of these will vary, according as the glass 
is intended for the optician, for general grinding and cutting purposes, 
for ordinary or better kin^ of vessels, for mirrors or window-panes, 
&c. As glass is a true chemical compound, a genuine salt, the con- 
stituents of which are combined in definite proportions, it would be 
natural to suppose that a certain kind of glass could only be produced 
by the fusion of its ingredients in the same unvarying proportions. 
Just as ordinary borax is obtained in all cases, and under all circum- 
stances, by the saturation of boracic acid with the same quantity of 
soda : as alum is always produced from the same relative quantities of 
sulphuric acid, alumina and sulphate of potash ; so, we should be 
inclined to conclude, the same kind of glass must always result from 
the fusion of silica with the same bases in the same proportions. 
This, however, is practically not the case ; for glass of very nearly 
the same nature is prepared in different glass-houses from very differ- 
ent mixtures of ingredients. The practice in mixing the ingredients 
also, is never founded upon the law of equivalents, and dates in 
almost every case from a much earlier period than the knowledge of 
that law. Nevertheless, the mixtures so prepared, when certain very 
wide limits are not exceeded, produce after fusion very perfect com- 
pounds from which no one of the elements of the mixture is excluded. 
The cause of this apparent contradiction may be traced to the follow- 
ing circumstances: In the first place, silica is capable of combining 
with the same base in variable proportions; a simple silicate, a bisili- 
cate and a sesquisilicate of soda can all be produced ; one equivalent 
of soda can even be fused together with 9 equivalents of silica in a 
blast furnace, and the formation of glass is only stopped by the diffi- 
culty of fusion, when 15 equivalents of silica have entered into com- 
bination with the soda. Besides, the capacity of silicic acid for 
taking up soda is, although only apparently, heightened at an ele- 
vated temperature ; the acid silicates are much more difficultly fusible 
than those which contain a larger proportion of base, so that a glass 
mixture is easy of fusion in proportion to the small quantity of silica 
or large quantity of base which it contains. It is hence obvious that 
the temperature of fusion will aid in counteracting the deficiencies in 
the proportions of the mixture. Thirdly, the silicates of which glass 
is composed are capable of dissolving each other in all proportions at 
a high temperature, and also of entering into chemical combination, 
so that the different glasses are only solidified solutions, or chemical 
combinations of less complex silicates. 

Another fact which tends to explain the apparent contradiction of 
a similar product being obtained from different mixtures, is, that the 
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alkalies in the state of carbonates, and particularly as chlorides, cease 
to be so perfectly non-volatile, at the temperature of the glass furnace, 
as they are usually assumed to be. Their volatility is, indeed, so 
great that an appreciable loss is occasioned, and the inner sides of the 
furnace are attacked by the vapors. As an excess of base is thus 
removed by volatilization, so, on the contrary, the chemical affinity 
of the silica is so augmented by the temperature, that it is enabled to 
extract alumina from the substance of the pots and combine with pot- 
ash, mechanically carried up as ash with the flame. In the opposite 
case (when an excess of base is containedidn the mixture) the bases 
are enabled to take up silica from the same sources. 

Darahility and Difficulty of Fusion of Glass , — The difficult fusibility 
of the acid silicates, and the opposite properties of those which con- 
tain a larger proportion of base, are very important facts in connec- 
tion with the manufacture of glass. Silicic acid itself is perfectly in- 
fusible in every furnace, but it acquires this property in a greater or 
less degree, according to the quantity of base with which it is mixed. 
Glass-makers, in short, call all the bases fluxes^ and are well aware 
that the work is facilitated and fuel saved by increasing the amount 
of flux in the mixture ; but at the same time they know that the addi- 
tion of flux cannot exceed a certain limit, without detriment to the 
durability of the glass. When glass is attacked under ordinary cir- 
cumstances, it is always a result of the removal of base ; chemical 
research has shown that the bases are in a state of very much less 
intimate combination, and are much more liable to be acted upon by 
external influences when they form the larger proportion of a silicate, 
or when the glass is of a basic character. These two considerations, 
economy on the one hand and quality of the product on the other, 
consequently oblige the glass manufacturer to observe a proper mean 
in the mixture of ingredients. 

Under all circumstances, and when every precaution is taken in 
the manufacture, it is still impossible, as far as observation has shown, 
to obtain a glass which is practically incapable of being attacked. 
Pure, finely powdered glass taken from a tube or window pane and 
moistened with water, has been shown by Faraday and BischofT to 
exhibit an alkaline reaction ; sal-ammoniac precipitates flocculent silica 
from this solution, according to Fuchs. The same reaction occurs, 
according to Dumas, when water is boiled for some time in a glass 
vessel, and a troubled appearance, arising from insoluble silicate of 
lime, is occasioned at the same time. Griffiths extracted 7 per cent, 
of potash from flint-glass powder, by boiling it for weeks together with 
water, and repeatedly re-grinding and washing it. Hence it follows 
that ordinary glass cannot entirely withstand the action of water ; 
although the influence exerted by this agent is comparatively unim- 
portant and much less perceptible when the glass is not in the state 
of powder, and its natural surface is unimpaired. The best window 
panes, however, cannot altogether resist the action of the weather and 
the rain. The alkali is gradually extracted by atmospheric moisture 
and washed away, whilst a very thin layer of silica or of silicate of 
lime remains upon the surface, and exhibits a play of prismatic colors. 
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The external coatingf exhibiting the lustre of mother of pearl, which 
was observed on glass that had been dug from the earth with other 
relics of antiquity, was found by Griffiths to be pure silica. An ob- 
servation of Colladon is very remarkable and difficult of explanation, 
who found pieces of glass taken from an old pit, 12 feet deep, both 
flexible and so soft that they could be kneaded and cut with a knife ; 
glass of this kind, however, regained its hardness and frangibility by 
exposure for several hours to the air. 

Acids naturally extract potash, soda, and lime, with much greater 
ease from glass, with the separation of gelatinous silica. Caustic 
alkalies exert an opposite action upon glass by dissolving its silica. 
A like effect has been attributed to ammonia, and thence it has been 
explained, why the panes of glass in stables are particularly liable to 
become coated with a thin layer exhibiting the play of colors men- 
tioned above. Glass which contains oxide of lead is liable to blacken 
on exposure to air containing sulphuretted hydrogen, by the formation 
of sulphuret of lead ; and when heated in a flame, the oxide of lead is 
frequently reduced and blackness is produced by the metallic lead. 

The action of hydro-fluoric acid, the most powerful agent for the 
decomposition of glass, is quite peculiar. Glass is completely dis- 
integrated by this acid with the formation of fluosilicic acid and 
double compounds of fluoride of silicon with the fluorides of potas- 
sium, fluorides of sodium, and fluorides of calcium, &c. 

The production of glass and the method of working it, are depend- 
ent upon properties, which it is essential to become acquainted with in 
order to understand the nature of these operations, and it will there- 
fore be proper to examine them more minutely. 

Tough State of Fluidity, Brittleness , — At the most intense heat 
of which the furnace is capable, glass is tolerably fluid, possessing 
about the consistence of weak syrup. The possibility of casting or 
moulding glass, as well as its purification, depends upon this state of 
fluidity, as the impurities are then enabled to subside to the bottom, 
whilst the bubbles of gas escape from the surface. At a lively red 
heat, on the contrary, melted glass is an exceedingly tough, thick 
mass, possessing great ductility and capable of being drawn out into 
the finest threads or blown into the form of the thinnest hollow 
spheres; the usual method of \vorking glass by blowing w^ould be 
quite impracticable unless the mass possessed these properties. Tw^o 
pieces of glass in this state can be united by simple pressure, or, as 
it were, soldered together with greater ease than soft wax. 

The Cause of Brittleness , — When melted glass cools, the smallest 
particles of which always exhibit in the fluid state a tendency to 
arrange themselves in a regular manner and form crystals, no time is 
allowed the semi-fluid mass to follow this tendency, and the particles 
are forced, as it were against their inclination, to remain in that rela- 
tive position towards each other, which they assumed during the work- 
ing, or in other words, to form an amorphous mass. This forced 
relative position of the particles is greatest where the glass has been 
rapidly cooled ; the interior of the mass is, therefore, not so subject to 
it as the surface, and this latter also contracts in a greater degree. 
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The outer layers are consequently in a state of ftnsion with reference 
to those in the interior. It is obvious from these facts that there must 
be a want of uniformity in the attractions of the particles of glass for 
each other, that a tendency to subvert the force of cohesion has been 
induced in the mass, which the slightest impulse from without will 
be sufficient to carry out. This circumstance perfectly explains the 
brittle nature of glass, which sometimes rises to a very extraordinary 
pitch. If a drop of melted glass, for instance, is allowed to fall into 
cold water, it assumes the form represented in Fig. 1, which is well 
known from its great brittleness under the name of a Rupert’s drop. 


Fig. 1. 



By merely breaking off the point, the tension is called into play, 
and the whole solid mass is instantly converted into a fine powder. 
In the same manner, a small angular grain of sand or piece of flint, 
when shaken in one of the Bologna phials,"^ shatters it in pieces, often 
with*a slight explosion. Glass cooled in the air in tolerably thick 
masses exhibits very similar properties. A bottle for instance, or a 
tumbler, would be quite inapplicable to domestic uses on account of 
its great brittleness, if prepared under such circumstances. Special 
precautions are consequently necessary in practice to obviate this 
evil. The ready formed glass vessels are usually placed in an oven 
heated to a temperature just below that at which the glass softens, 
and the oven with all its contents is then gradually allowed to cool 
down to the temperature of the atmosphere. Although the brittleness 
of glass is not entirely obviated by this means, yet it is so modified 
that the vessels with a little care, can be used for all ordinary pur- 
poses. Sudden change of temperature or partial application of heat 
will cause the fracture of glass quite as surely as a blow. 

Devitrification , — The more slowly glass is cooled, the more its 
brittleness is impaired, until at length the amorphous state entirely 
disappears, and the mass assumes a crystalline structure. The pro- 
perties of glass cooled in this manner are remarkably changed, and 
this is of importance in a practical point of view. The first glass of 
this kind was produced and described by Reaumur. When glass 
vessels were placed in a crucible, and the unoccupied space in and 
about the vessel was filled up with a mixture of burnt gypsum and fine 
sand, and the whole then exposed and left to itself in an earthenware 
furnace during the burning, the following changes were observed in 
the glass when cool. The surface bad lost its lustre, and the mass 
in a great measure its transparency ; the fracture was dull and earthy, 
but at the same time fibrous, and of a silky lustre. In the middle, a 
portion of transparent unchanged glass was generally left, towards 
which the fibres converged. 

♦ These are small portions of glass taken from tlie pot at the end of Uie pipe, and 
slightly inflated into the form of a long thin phial, with a very thick bottom, which is 
rapidly cooled in the air. 
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Dumas found in bottle-glass devitrified by Darcet : 


Silica - - - - . 52.0 

Potash ----- 2.0 

Lime ----- 27.4 

Alumina ----- 12 .O 

Oxide of iron, and of manganese - - 6.6 


100.0 

It is evident from this, that the composition of the devitrified mass 
does not differ from that of the corresponding glass, more than the 
varieties of the glass differ amongst themselves (compare the analyses 
below) ; but the amount of potash is remarkably diminished. It, there- 
fore, appears in this case, that the devitrification is not only attended 
by the formation of crystals, but also by a diminution in the amount 
of potash, and a consequent chemical transformation. Experience 
favors the assumption that difficultly fusible glass containing little 
alkali, like bottle-glass, is most easily devitrified. 

The comparative analyses of the mass of glass itself, and of the 
crystalline portion, show, in the clearest possible manner, that such 
devitrification is frequently occasioned by the mass being broken up 
into different chemical compounds, one of which then assumes the 
crystalline form. When larger masses of glass are cooled slowly in 
the glass pots, a portion in the form of opaque crystals is frequently 
observed disseminated through the transparent matrix. Dumas has 
examined specimens in both states from the collection in the Poly- 
technic School ; and others, from a glass-house in the Plauen’schen 
Grund (a valley near Dresden), have been analyzed by Kersten. They 
found : 




Kersten, 

1 Dumas. 



Crystulline por- 

Vitreous por- 

Crystalline por- 

1 Vitreous por- 



tion. 

lion. 

tion. 

j tion. 




Oxygen 


1 Oxygen 

{ Oxygeti' 

' Oxygen 

Silica 

. 

08.8 

30.54 

G0.39 1 

1 31.40 

08.2 

35.40 i 

64.7 ! 

33.64 

Alumina - 

- 

3.3 

1.54 

6.10 

2.84 

4.9 

2.28 

3.5 

1.03 

Lime 

- 

20.2 

5.77 

13,40 

3.83 

12.0 

3.43 

12.0 

3.43 

Protoxide of iron 

. 

3.5 

0.80 

3.10 

0.70 

— 




“ manganese 

4.2 

0.93 

2.20 

0.49 






Magnesia - 


0.5 

O.IO 

0.40 

0.15 






Potash 

Soda “ » 

- ^ 

. 

2.7 

5.4 

0.45 

1.40 

14.41 

3.05 

14.9 

3.81 

19.8 1 

i 5.06 


. In the specimen analyzed by Kersten, the oxygen in^he silicic acid 
is to that of the alumina, and to that of the other bases together: 

In the crystalline portion as 30.54 : 1.54 : 9.54=20 : 1 : 6. 

In the vitreous matrix as 31.40 : 2.84 : 8.22=12 : 1 : 3, 
which proportions lead to the following formulae : 

For the crystalline portion 3 Si 03 ,M ,*03 4 *l’ 7 (Si 03 M 0 ). 

For the vitreous matrix 3 Si 03 ,M 203 + 9 (Si 03 M 0 ). 


• M=1 equiv. of metals as potEissiuin, sodium, calcium. 





22 


CLASSIFICATION OP THE VARIETIES OP GLASS. 


The relations of the oxygen in the specimen analyzed by Dumas 
led to the same general fact ; they were : 

In the crystalline portion as 35.46 : 2.28 : 7.24=16 : 1 : 3. 

In the vitreous matrix as 33.64 : 1.63 : 8.49=20 : 1 : 5, 

whence are deduced the formulae : 

For the former 6Si03,Mj03+ 13(Si03,M0). 

For the latter 3Si03,M303+ 17(Si03,M0). 
and these render it obvious that both, portions are distinct chemical 
compounds. 

Reaumur'* s Porcelain , — The devitrified state frequently occurs during 
the operations of working as a consequence of repeated heating ; it is 
evinced by a certain degree of opacity in parts of the mass, and the 
sudden appearance of a disproportionate degree of toughness, so that 
the blowers must be very cautious in preventing its occurrence, or 
the completion of the work in hand will be quite impracticable. It 
may, therefore, be generally asserted that devitrification must be as- 
cribed partly to change in composition, and partly to crystallization. 
It is very remarkable that the brittleness of glass and its susceptibility 
of fracture from sudden changes of temperature are very much dimi- 
nished by devitrification, so much so, that devitrified glass possesses 
these properties in a less degree even than porcelain. Reaumur 
endeavored to introduce a material of this kind in place of pottery, 
and it has been called after him Reaumur’s porcelain ; the idea is well 
worthy of more attention than has really been expended on it. 

Classification of the Varieties of Glass, — The varieties of glass are 
usually classified according to their technical uses, a mode of division 
which is in some manner connected with their composition. We 
distinguish : 

A. Hohl glassy or bottle-glasSy^ which, comprises all glass worked 
into the form of vessels, &c. It is subdivided, according to 
the purity of the metalf of which it is composed, into: 

a. Ordinary bottle-glass^ consisting of silica, potash, or soda, 
lime, alumina and oxide of iron. 

b. Glass used for medicinal bottles^ composed of silica, soda, 
lime, some alumina, and a very little protoxide of iron. 

. c. White bottle-glass (in a limited sense), for bottles, tum- 
blers, tubes; containing silica, soda or potash, and lime. 

B. Window-glassy composed of silica, potash or soda, lime and 
alumina. 

C. Plate-glassj composed of silica, soda or potash, lime and a 
little alumina. This variety only differs from the preceding 
by the greater purity and freedom from color of the materials. 

D. Flint-glass^ used for grinding, &c., composed of silica, pot- 
ash and oxide of lead. 

* As the term is ordinarily used, it does not apply to those kinds of glass that may be 
employed for similar purposes which contain lead in their composition ; so that bottle- 
glass and crystal are thus in direct contrast with each other. 

t Metal is the technical term given in England to glass before it is worked up into 
vessels. 
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E. Crystaly for optical purposes, composed of silica or boracic 
acid, potash and more lead than the preceding variety. 

F. Strass. The mass composing the imitations of precious stones, 
consisting of silica, potash, with the largest amount of oxide 
of lead, and colored by various metallic oxides The pigments 
used by artists in glass and porcelain, are also included under 
this head ; they are easily fusible glass fluxes, consisting of 
lead and boracic acid, which can be colored in any manner 
that is required.' 

G. Enamely composed of silica, soda and oxide of lead, but ren- 
dered opaque by oxide of tin or antimony. 

Some of these varieties of glass are in themselves colored, as the 
dark brown or green bottle-glass ; the light green bottle-glass, used 
by chemists; optical glass and the superior kinds for domestic use 
must be perfectly colorless ; all the varieties mentioned can, however, 
be colored artificially. 

Composition of the Varieties of Glass , — It has already been stated 
that all the constituents of glass are in a state of chemical combina- 
tion. The individual constituents must, therefore, be united in equi- 
valent proportions. These relations are sometimes apparently ob- 
literated in consequence of different oxides replacing each other, but 
the regularity of the composition is always evinced by a simple 
relation between the collective amount of oxygen in the bases and 
that contained in the silicic acid. In the following summary of the 
analyses of glass, which have been published, this relationship is 
always indicated below. 


BOTTLE-GLASS. 


Analysts. 

Berthier. 

Dumas. 

Variety of glass. 

1 

2 

3 

4 

! ^ 

Silica* 

potash . - 

Soda 

Lime 

Magnesia 

Barytes 

Protoxide of manganese . - - - 

60.0 

22.3 

1.2 

60.4 
^ 3.2 

20.7 

0.6 

0.9 

59.6 

3.2 

18.0 

7.0 

0.4 

53.55 

5.48 

29.22 

45.6 

6.1 

28.1 

Alumina 

Oxide of iron 

Oxide of manganese 

8.0 

4.0 

10.4 

3.8 

6.8 

4.4 

6.01 

5.74 

14.0 

0.2 

Relation between the oxygen of the acid and 
the total amount of oxygen contained in the 
bases 

5:2 

■ 

■ 

2:1 

4:3 

Relation between the oxygen in the bases with 

1 eq. of that element, and that contained in 
the bases with 3 eq, of oxygen - - - 

\ 


2:1 

2:1 

1:1 


* Argil lo is the name given to a vitreous compound manufactured at Hartford, Conn., 
and at Albany, N. Y., and used ibr tiles, panels, tables, knobs for doors, and furniture, 
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No. 1. Glass from Souvigny. No. 2. From St. Etienne. No. < 
From Epinac. No. 4. From Sevres, near Paris. No. 5. From a 
unknown glass-house, but of French manufacture. 


MEDICINAL GLASS. 


Analyst. 

Berthier. 

Variety of glass. 

1 

2 

3 

4 

Silica 

Potash 

Soda 

Lime 

Magnesia 

Protoxide of manganese .... 

Alumina 

Oxide of lead - 

71.6 

10.0 

lO.O 

0.3 

3.0 

1.5 

62.5 

10.6 

16.2 

1.2 

4.5 

2.5 

69.6 

5.0 

3.0 
13.0 

0.6 

3.6 

1.6 



62.0 

16.4 

15.6 

2.2 

2.4 

0.7 

Relation between the oxygen of the acid and 
the total amount of oxygen in the bases 

6:1 

7:2 

9:2 

5: 1 

Relation between the oxygen in the bases 
with 1 eq. of that element, and that con- 
tained in the bases with 3 eqs. of oxygen 

2:1 

7:3 

3:1 

! 

9:1 


All the varieties were of French manufacture. 

WINDOW-GLASS. 










s 

s s 

• 

Analysts. 




Dumas. 



na 

e3 










cS i 

F 

6 

Variety of glass. 

1 

i 

2 

3 

4 

5 

6 

7 

8 

9 

Silica . - . - 

69-05 

69.25 

68.55 

08.65 

68.5 

68.0 

69.0 

66.37 

71.4 

Soda - - - . 

15.22 

11.30 

12.88 

17.70 

13.7 

10.1 

11.1 

14.23 

15.0 

Lime - - . - 

13.31 

17.25 

10.17 

9.65 

7.8 

14.3 

12.5 

11.86 

12.4 

Alumina 

1.82 

2.20 

2.40 

4.00j 

10.0 

7.6 

7.4 

8.16 

0.6 

Relation between the oxy- 










gen of the acid, and the 
total amount of^ oxygen 
in the bases 

4:1 

4:1 

4:1 

4:1 

7:2 

7:2 

7:2 

7:2 

9:2 


The numbers from 1 to 6 are of French origin. Nos. 7, 8 and 9 
are English. 


the principal ingredients of which are silica, alumina, lime, and coloring metallic oxides. 
— Am. Ed. 

* This specimen was the glass manufactured by Messrs. Chance, of Birmingham, and 
is remarkable for containing more silica and less alumina than any of the other varie- 
ties. Mr. Cowper also found 0.3 oxide of iron, and 0.3 oxide of manganese in this 
specimen of glass. 
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PLATE-GLASS. 


Analysts. 

Berthier. 

Tassert. 

Dumas. 

Berthier. 

Variety of glass. 

1 

2 

3 

4 

1 

Silica ... 



72.0 

76-0 

75.9 

73.85 

68.6 

Potash . - - 



— 


— 

5.50 

6.9 

Soda - - - - 



17.0 

17.0 

17.5 

12.05 

8.1 

Lime - . - - 



6.4 

6.0 

3.8 

5.60 

ll.O 

Magnesia - 



— 

— 

— 

— 

2.1 

Protoxide of manganese 



— 

— 

— 

— 

0.1 

Alumina - - - 



2.6 

— 

2.8 

3.50 

1.2 

Oxide of iron 



1.9 

1.0 

— 

— 

0.2 

Relation between the oxygen in 

the 






acid and the total amount of oxy- 

6:1 

7 

7:1 

7:1 

5:1 

gen in the bases 

- 

- 







The last specimen was Venetian, the others were French glass. 


DIFFERENT VARIETIES OF WHITE GLASS. 


Analysts. 


Berthier. 

Gros. 

Dumas. 

Berthier. 

Dumas. 

Variety of glass. 


1 

2 

3 

^4 

5 

Silica 


71.7 

71.6 

69.4 

69.2 

62.8 

Potash - - . - 


J2.7 

11.0 

11.8 

15.8 

22.1 

Soda 


2.5 

— 

.. 

3.0 



Lime 


10.3 

10.0 

9.2 

7.6 

12.5 

Magnesia - . - . 


— 

2.3 

— 

2.0 

— 

Protoxide of manganese 


0.2 

i 0.2 

— 

— 


.^lumina - - - - 


04 

1 2.2 

9.0 

! 

— 

Oxide of iron 


0.3 

1 3.9 

— 

05 

2.6 

Relation between the oxygen of the 
acid and the total amount of oxy- 

j 6:1 

I 

1 6:1 

4:1 

4:1 

5: 1 

gen in the bases 

• 







1. Specimen of a goblet from Neufeld, in Bohemia. 2. Specimen 
from the same place. 3. Bohemian glass. 4. Specimen of easily 
fusible French glass tubing. 5. Specimen of crown glass. 


CRYSTAL. 


Analysts. 

Berthier. 

Dumas. 

Faraday. 

Variety of glass. 

1 

2 

3 

4 

5 

Silica 

59.2 

56.0 

51.4 

56.0 

51.93 

Potash 

9,0 

6.6 

9.4 

8.9 

13.67 

Lime 






2.6 



Oxide of lead - - - - 

28.2 

34.4 

37 4 

33.5 

33.28 

Protoxide of manganese 

1.0 

— 

— 

— 


Alumina 



1.0 

1.2# 




Oxide of iron .... 

0.4 

— 

0.8 

tnice 

— 

Relation between the oxygen of the 
acid and the total amount of oxy- 
gen in the bases 

8:1 

8:1 

6:1 

6:1 

6:1 


VOL. II. C 
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1. From London, intended for optical instruments. 2. FromVon- 
eche in Belgium. 3. From Newcastle. 4. Of unknown origin. 5. 
From England. 


FLINT-GLASS, STRASS AND ENAMEL. 


Analysts. 

Faraday. 

Dumas. 

Dumas. 

Dumas. 

Variety of glass. 

Flint glass from 
Guinand. 

Strass manu- 
factured by 
Donault Wieland. 

Enamel. 

Silica 

44.3 

42 5 

38.5 

31.6 

Potash ------ 

11.75 

11.7 

7.9 

8.3 

Lime - - . - - 

— 

0.5 

— 

— 

Ox. of Lead - - - - 

43.05 

43.5 

53.0 

50.3 

Ox. of Tin 

— 

— 

— 

9.8 

Alumina 

— 

1.8 

1.0 

— 

Relation between the oxygen in the 





acid, and the total amount of oxy- 
gen in the bases 

9:2 

4:1 

7:2 

7:3 


The follo'M^ing analyses by Peligot are quite recent. 


Silica 

Bohemian 

glass. 

. 76 

Bohemian 
opal glass. 

80.9 

Venetian 

Aventnrine. 

67.7 

Bohemian 
Mirror glass. 

67.7 

Potash 

. 15 

17.6 

5.5 

21.0 

Lime 

- 8 

.7 

8.9 

9.9 

Alumina 

- 1 

.8 

— 

1.4 

Soda 

. _ 

— 

7.1 

— 

Oxide of Tin 

. 

— 

2.3 

— 

Oxide of Lead 

« 

— 

1.1 

— 

Copper 

. 

— Meta]lic3.9 

— 

Oxide of Iron 

• 

traces 

3.5 

— 


*100 

tioo.o 

JIOO.O 

100.0 


Mr. Rowney has lately analyzed the Bohemian hard glass tubing, 
so indispensable to chemists in the prosecution of researches in organic 
chemistry, and finds it to be essentially a silicate of lime and potash, 
in which the oxygen in the silicic acid is to that contained in the bases 
as 6 : 1. Analysis yielded: — 

* Tbe Bohemian flint-glass is distinguished from others by containing no lead. 

f This glass is very similar to Hyalite, mitllerglcusy a hydrate of silica (Thomson). The 
composition is remarkable : it is a simple silicate of potash, which, from being imperfectly 
melted, remains semi-transparent, with pieces of quartz dispersed through the mass. It 
does not attract moisture, and is not attacked by boiling water. It differs from Fuch’s 
soluble glass, by oonta^ing 10 per cent more silica. 

X This glass contaiA also traces of magnesia and phosphoric, or boracic acid; the crys- 
tals appear disseminated through the mass, which is of a yellow tint, and transparent in 
thin sheets. The tin and iron obviously assist in the formation of the crystals of metallic 
copper, after which the tin becomes silicate of the protoxide ; otherwise the glass would 
becomfe opaque. 
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Silica - - 


73 

Potash 

• 

11.6 

Soda 

- 

3. 

Lime ... 

- L 

10.5 

Alumina, peroxide of iron, magnesia, and ) 

2.0 

oxide of manganese 




100.0 


It may, however, be remarked, that this tubing is by no means always 
of uniform composition, as all who* have been much occupied with 
organic analysis will have found to their cost ; some tubes being much 
more easily fusible than others. 

The analyses clearly prove, that notwithstanding the great variety 
of constituents of which glass is conjposed, these are always combined 
in definite proportions : this is rendered more obvious when the empi- 
rical formulae are deduced from the composition in 100 parts; thus, 
the composition in 100 parts of 

Bottle-glass No. 5 , corresponds to K0+8Ca0+2A]203+F203+8Si03; 
Window-glass No. 2 “ “ 3 NaO-f 5 CaO+ 128163; 

Plate-glass No. 1 ‘‘ 2NaO+CaO + 68103*, 

White crown-glass No. 5 “ KaO+CaO+ 88103; 

Crystal No. 2 KaO +2PbO-f 88103 ; 

Flint-glass No. 2 “ 6 KaO-f 9 PbO+ 208163; 

8trassNo. 1 “ ‘‘ 3 KaO + 9 PbO+ 168103 ; &c. 

Although more probable suppositions maybe formed with reference 
to the manner in w’hich the silica is divided amongst the bases or the 
real constitution of the glass, and although the calculations above do 
not lead to any rational formulae, yet the knowledge of the empirical 
formula for any species of glass as represented in the above examples, 
is, nevertheless, a very valuable guide in mixing the ingredients for 
its manufacture, and of great service in improving or correcting the 
prescribed rules. 

Of the Material for Glass-Making , — In so extensive a branch of 
manufacture as.that of glass, it is quite impossible to prepare or obtain 
the ingredients in a state of chemical purity previous to fusing them 
together; certain crude products of art and nature are, therefore, used, 
in which the ingredients are contained in some suitable form of com- 
bination, and it is left to the process of melting to eject the impurities 
in a more or less complete manner. In order to understand the nature 
of this process, and the recipes for mixing the ingredients of the dif- 
ferent varieties of glass, it is necessary previously to become acquainted 
with the crude products which are uj^ed in the glass-house for afford- 
ing silica and the bases. 

Silicic Acid , — Silica is very abundant in nature, but is seldom sut- 
ficiently pure for the manufacture of the finest colorless glass. Rock 
crystal is frequently used for the production of strass and for those 
glasses which are employed as pigments by glass painters. Heated 
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to redness and thrown into water, the state of aggregation of this sub- 
stance is so changed, that it can easily be reduced to powder. Mas- 
sive quartz sad flint are treated in the same manner ; the water is thus 
expelled, and the 'organic matter which so often accompanies these 
minerals, is destroyed. Many varieties of quartz become yellow when 
heated to redness, and this indicates the presence of iron, which colors 
glass green; quartz is also contaminated with alumina, an 
objectionable when its quantity is so considerable as to interfere with 
the fusibility of the glass. Sand, however, is the most general and 
economical source of silica, and renders the process of grinding un- 
necessary. The great variations in the purity of this material render 
a careful selection necessary for the different kinds of glass. Sand 
contains either oxide of iron, clay, or lime, and generally all three 
substances are present, one of which preponderates and gives a cha- 
racter to the sand, which is also mixed with vegetable remains. The 
lime is, of course, harmless, as it is added from other sources. Clay 
can be removed nearly entirely, by Avashing and decantation, without 
any great expense, whenever its presence is objectionable, and this 
is always necessary with pit-sand, although not so essential with sea 
and river-sand. The oxide of iron is much more difficult of manage- 
ment; it can, indeed, be completely and easily removed by washing 
with muriatic acid, but the operation is attended with too great ex- 
pense (at least, for the cheaper kinds of glass), and the glass-makers 
prefer seeking out sand free from iron. Thus, the vessels from Syd- 
ney and New Holland are freighted back with sand containing no iron, 
or take it as ballast to England, w^here the deposits of sand in Nor- 
folk, and Alum Bay in the Isle of Wight, have proved insufficient for 
the demand.* In the greater number of glass-houses, the sand is 
heated to redness in a reverberatory furnace before being used, partly 
that the vegetable matters may be destroyed, and partly to render it 
finer and more easily acted upon. The saving eflected in the fuel 
used in the melting furnace is so considerable, when the constituents 
of the mixture are in the most intimate state of division, that the con- 
sumption in the reverberatory furnace cannot for a moment come into 
comparison with it. 

Potash and Soda. — The alkali used in the manufacture of ordinary 
colored glass (e. g. bottle-glass), is obtained, as far as the potash is 
concerned, from common ashesy and the soda from the ashes of sea- 
plantSy or refuse soda (Barilla, Varec, compare vol. i. p. 285). Better 
kinds of glass are made with crude potashes and soda-ashy and the 
best from purified potashes and soda-ash. The use of the alkalimeter 
is very requisite in judging of the quality of so variable a substance as 
commercial alkali, although it is often neglected by practical men ; it 
must also be borne in mind, in using soda-ash, that the soda possesses 


• Excellent sand is also obtained for glass-making at Leighton-Buzzard and St. Helen’s, 
in Lancashire. [The most perfect glass sand we have seen in the United States, is that 
found in the neighborhood of Pittsfield, Mass, brought to notice by Mr. Hodge, at the 
meeting of the Association of Geologists and Naturalists at Boston, Sept. 1S47, — Am. Ed.] 
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a higher saturating power than potash ; 100 parts of pure carbonate of 
soda will perform the same function in a mixture of ingredients for 
glass, aa 130 parts of carbonate of potash. It is obvious that the 
manufacture of glass would derive a great advantage if the soda could 
be supplied to the mass by the direct use of chloride of sodium. The 
cost of the manufacture of soda from common salt would thus be 
spared. But common salt is not a complete substitute for soda. Silica 
decomposes common salt very rapidly, in the presence of aqueous 
vapor, which is never absent in the flame of the furnace, into soda, 
with which it combines, and muriatic acid, which is evolved, 

CI^ Na 

H. 0 

Muriatic acid Cl^H^ | NaO Soda; 

but before the requisite temperature is attained at which this decom- 
position is effected, the greater part of the common salt is volatilized 
in the form of vapor, and this attacks the sides of the furnace in a 
very prejudicial manner ; if potashes are present at the same time 
with the common salt in the mixture, these salts mutually decompose 
each other, with the formation of carbonate of soda, and chloride of 
potassium, which swims upon the surface of the glass in the form of 
sandiver, or glass gall (salts). According to Kirn, the amount of 
common salt, which in general does not exceed 5 or 6 per cent., may 
be raised to 13 per cent., when there is at least |rds as much lime 
in the mixture. The best result w^as obtained from a mixture of 2 
parts common salt, 3 parts lime, 4 parts potash, and the necessary 
addition of 6 parts sand.* Instead of common salt, soap-boilers’ 
waste! niay be employed for the more common sorts of glass, which 
contain chlorides of potassium and sodium, carbonated, and some 
caustic alkali. Glauber’s salt (sulphate of soda), which is obtained 
as a waste product in several manufactories, may also be used with 
advantage. As the sulphuric acid, however, is not very readily ex- 
pelled, the action of the silicic acid is aided by converting the sul- 
phuric acid into sulphurous acid in some appropriate manner, which 
then offers much less opposition. Carboh is best suited for this pur- 
pose, for: 

SOjjNaOssNaO + SOg+O Glauber’s salt 

and+C carbon (charcoal) produce 
SulphiFe of sod a s=Na0,S02+ CO = carbonic oxide. 

Carbon colors glass intensely black or brown ; any excess must 
consequently be carefully avoided. As a guide to the requisite quan- 
tity to be used, it must be observed that 100 parts of pure dry 
Glauber’s salt require rather less than 9 parts uf carbon for complete 

It is probable that this mixture would make equally gootl glass without the com 
mon salt. 

+ This term is applied to the mass oljiained by the evaporation*of the under lye iu 
soap boiling, vol. i. p. 413. 

C* 
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decomposition. Trustworthy observations have proved that glass, 
prepared with Glauber’s salt, always possesses a bluish tinge, which 
is not derived from impurity in the materials, and the color is there- 
fore attributed to the formation of a minute quantity of ultramarine 
(composed of sulphur, soda, and alumina). In order to obviate this, 
the charcoal may be dispensed with, in which case the time of melt- 
ing must be lengthened ; or where lead-glass is in question, the mix- 
ture may be fused with sulphuret of lead, and the sulphuric acid of 
the Glauber’s salt then parts with one-third of its oxygen to oxidize 
the sulphuret, and salts of sulphurous acid are produced. According 
to the observations of Kirn and others, it is preferable, (when not in- 
dispensable, in order to make sure of perfect vitrification,) where com- 
mon salt and Glauber’s salt are employed, to incorporate as much 
carbonated alkali with the mixture as would produce by itself a glass, 
although of difficult fusibility. When we remember that potashes 
are obtained chiefly from the ashes of wood, and necessitate a certain 
consumption of that substance, w’hich quantity, although applied to 
useful purposes, must remain undiminished ; and when it is further 
recollected that the consumption of wood in the German glass-houses 
has increased to an enormous extent, it will' then be easily understood 
why the production of glass from chloride of sodium, and from the 
salts obtained from it which are not similarly connected with the con- 
sumption of wood, must be a matter of great importance with refer- 
ence to political economy. The working of a single glass-furnace is 
calculated to consume, in Austria, 400 cwts. of potashes, which 
(supposing pine wood to contain 0.25 per cent, of ash, or 0.065 per 
cent, of potashes), would require the consumption of at least 615,400 
cwts. =50,700 stacks* Hessian of pine wood, and 3,270 stacks Hes- 
sian yearly, in addition, as fuel. It is well known that when sand 
and common salt are brought together in a state of fusion, and aque- 
ous vapor is passed over the fusing mass, the decomposition into 
muriatic acid and silicate of soda is effected without difficulty in a 
tolerably perfect manner. A trial of this process upon a large scale 
is well worthy the attention of manufacturers, for it is probable that 
the production of frit by this means — for which an ordinary reverbe- 
ratory furnace might be used — and the subsequent employment of 
this frit as raw material, would be very much more profitable than 
the direct vitrification of the common salt. In this case, no chloride 
of sodium would be volatilized in the working, to the destruction of 
the sides of the furnace, and the glass-pots or crucibles. Sulphate of 
potash, when it can be procured, may be used in precisely the same 
manner, with the same precautions; — 7 per cent, of the pure dry salt 
in charcoal is all that is here requisite. After what has been stated 
above, the application of lixiviated ashes (from the ash-tubs of the 
potash manufactories and soap-boilers) ; and of soap-boilers’ waste, 
will be easily understood. 

« 

* Stack of woodsxlOO cubic feet, Hes»lan. 
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Lime. — Every kind of limestone is applicable to the manufacture 
of glass that is not too poor after being burnt and slaked. In the 
opposite case, it will contain too much magnesia, or alumina, either 
of which has a tendency to render the glass difficultly fusible. Lime- 
stone, containing proto-carbonate of iron, must be excluded from the 
mixture for making white glass. The use of unburnt limestone is not 
altogether inadmissible when it is in the state of a fine powder, for 
instance, as ground chalk ; but burnt lime that has fallen to pieces 
in the air, is generally preferred, as it is then in a state of more mi- 
nute division, and evolves less carbonic acid. When a glass mixture 
contains more lime than the silica which it comprises is capable of 
saturating, the excess attacks the material of the crucible, and extracts 
silica from it ; the crucibles are thus quickly eaten aw^ay and ren- 
dered useless. It is consequently not advisable to employ more than 
20 parts of lime for 100 parts of sand. 

Lead. — Lead-glass is fused from a mixture containing litharge 
(PbO), or minium (red-lead, Pb 30 ^). The latter substance is pre- 
ferred, on account of its finer state of division, its pulverulent form, 
and because it is decomposed in the glass-pot into ordinary protoxide 
of lead and oxygen, which latter oxidizes and removes many im- 
purities (for instance, charcoal). Bolh oxides, as they are met with 
in commerce, contain oxides of copper and iron, which exert a very 
prejudicial influence, as lead-glass is much more susceptible of ac- 
quiring color from metallic oxides than ordinary glass. For this 
reason, minium is specially prepared, at least in England, for this 
particular purpose by red-lead makers. An excess of lead acts 
injuriously upon the melting vessels, and, besides inducing too great 
softness in the glass, gives it a yellow tinge. White lead, sulphuret 
of lead, and sulphate of lead, are seldom used ; but the latter deserves 
a trial, as it is a cheap and very pure w^aste product of the calico print 
works, &c. The analysis quoted at pages 16 and 17 show* that the 
varieties of lead-glass are not made with soda, but contain potash 
only. The bluish color imparted by soda to vessels made with lead- 
glass is the reason for its exclusion ; these are necessarily made thick 
and massive, that they may not lose their shape in cooling, and con- 
sequently show the slightest tinge in a more marked manner. 

Barytes. — Heavy spar (Ba 0 ,S 03 ) is added to the constituents of 
common bottle-glass in some places, to render it more easy of fusion. 

Vitrijiable Minerals. — Several, more or less, easily fusible com- 
pound silicates may be used as glass, or in its manufacture. 
Amongst these are felspar ^ basalty pumice-stone^ clinkstoney lava, loam 
(clay containing iron and lime), marl (clay containing lime), and 
others, most of which can only be used for the commonest kinds of 
glass. Some, like basalt, may be melted, without any additional 
matter, into highly colored glass ; others are too difficult of fusion, 
like felspar, and must be previously mixed with lime and alkali. A 
glance at the following analyses will show at once the cause of these 
differences. The following substances have been found in — 
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18.75 

Alumina . - - 

17.5 

16.0 

14.5 
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7.48 

Peroxide of iron • 

Fluorine - . - 

1.7 

20.0 

1.0 


2.41 

0.41 

Water - - - - 


2.0 

S.5 



0.50 


An attempt has been made to manufacture glass from a species of 
granite, containing very little quartz, with an admixture of decom- 
posed felspar, resembling kaolin, called Cornish stone. In like manner, 
the slag from smelting furnaces and other artificial products may be 
worked up into glass. In Valenciennes, bottles have been fabricated 
in several glass-houses by simply melting a bluish-brown marine mud 
from Diinkirchen, in which Pel^ze and Baudrimont found — 


Silica ..... 43*75 

Alumina - - - . . 13*82 , 

Carbonate of lime ... 36*28 

Peroxide of iron .... 0*36 

Sulphate of soda and common salt - 2*75 

Organic matter containing sulphur - 1*86 

Loss (trace of iodine) ... i‘i8 


100*00 

Discolorizing Matter . — White glass seldom or never turns out quite 
colorless by itself, even when proper proportions and the purest ma- 
terials for the mixture have been employed in its production. There 
are always two antagonistic elements to contend with — carbon^ or car- 
bonaceous matters, and iron^ which have to be overcome by the so- 
called discolorizing material. Peroxide of manganese, arsenic, and 
saltpetre, belong to this class of substances. In all cases the color is 
removed by oxidation.* If particles of carbon or soot from the flame 
happen to become surrounded and enclosed by the melted mass of 
glass, these are prevented burning, being excluded from the access 
of air. The consequence of this is a very intense brown or nearly 
black color, produced by the minute state of division, or, as it were, 
solution of the carbon in the glass. The addition of the discolorizing 
matter causes the formation of carbonic oxide, which is evolved with 
the color of the mass. The manner in which the iron becomes dis- 

• It appears not altogether improbable that the reddish color produced by the higher 
oxides of manganese being the complementary color to the green tint produced by iron, 
may thus, in some cases, discolorize the glass. 
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colorized has already been noticed. An excess of manganese pro- 
duces a heavy glass, containing oxide of manganese, which imparts 
a violet color to the mass at the bottom of the vessels. Saltpetre re- 
acts before the glass enters into perfect fusion ; arsenions acid, arsenic 
acid, and their salts, exert their action at a temperature above the 
fusing point, and are volatilized as arsenic or arsenions acid. Smalt 
is sometimes improperly included amongst the discolorizing matters ; 
it is a blue glass (see below) which tends to mask the bad color of 
glass in a manner similar to that effected by blue starch upon yellow” 
linen. 

Broken Glassy or Cullet . — Fragments of old glass require particular 
notice as an indispensable addition to the ingredient of the crucible. 
The waste glass in the glass-house, and that collected in the neigh- 
borhood, is carefully sorted, cleaned, ground, and incorporated with 
the mixture for similar kinds of glass. These fragments exert a very 
beneficial action — in addition to the advantage derived from their 
being re-converted into glass vessels — by inciting fusion and by aiding 
the union of the bases with the silicic acid. Great care must, how- 
ever, be taken that no broken glass of an inferior kind is mixed with 
the ingredients for finer glass. Even that which flows over the cru- 
cibles containing the purest glass, an3 mixes with the ashes of the 
hearth, must only be used for the inferior kinds. 

Of the Fuel , — The furnaces employed in glass-houses are intended 
not only to combine chemically the ingredients of the glass mixture 
at a glowing heat, but also serve to retain the glass after fusion, in a 
proper state of fluidity for working. The mass of glass must conse- 
quently be accessible from without the furnace, both during the fusion, 
for the purpose of stirring the ingredients, and during the working. 
Again, the re-heating of the different vessels during w^orking, which 
is al\vays effected in the glass-furnace, requires imperatively a flame 
fire. This is, therefore, absolutely necessary on the one hand, whilst 
on the other it would not be practicable to heat the crucibles in imme-, 
diate contact with the fuel, without exposing the glass to many chances 
of impurity. The fire space and the working space of the furnace 
must, therefore, necessarily be distinct, and at a distance from each 
other, and the latter must be heated by the flame alone, wdiich is 
evolved from the fuel in the furnace : all glass-house furnaces belong, 
therefore, to the class of reverberatory furnaces. The high degree of 
heat required by the nature of the operation renders it obvious that 
every sort of fuel cannot be employed. That kind of fuel will natu- 
rally have the preference w’hich produces the most intensely hot flame, 
and causes the least amount of damage to the glass and to the sides 
of the furnace from the deposition of ash. In Germany, wood is 
generally employed, and in some few^ places peat; in England and 
France, coal. The best air-dried w^ood would fall far short of produc- 
ing the desired effect, in consequence of the water w^hich it contains 
(from 15 to 20 per cent.). It has consequently been the practice 
from a very ancient period, to bake the air-dried wrood in a particular 
kind of furnace until it begins to become brown, or until the w’hole of 
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its water has been volatilized. Even this precaution is not perfectly 
effectual unless soft woods are selected containing a large proportion 
of hydrogen ; anti these are cleft into very small billets. Finely cleft 
wood burns more rapidly and without smoke by coming into more 
extensive contact with air ; it evolves its heat in less time, and although 
a greater amount of heat is not produced by its means, that heat which 
is produced is more intense. The peat used in the glass-house must 
be perfectly dry, and afford a small amount of ash only.* 

The Furnaces , — The construction of the melting furnaces in a 
glass-house is attended with many difficulties, against which it is al- 
most impossible to provide; and the wear and tear becomes a serious 
item to the manufacturer. The prevailing temperature of a glass fur- 
nace, 12000^ C. (21632° Fah.), presents in itself a serious difficulty; 
but in cases where open pots are employed, this is materially in- 
creased by the volatility of the alkalies, which amounts to nearly 25 
per cent, of the potash. The binary compound of silica and alumina 
becomes changed into a ternary one through the action of the alkali 
when clay is employed, and into a silicate of potash or soda where 
fire-stone is substituted; in each case a fusible compound results, 
which rapidly wastes away, and at last, both pots and furnaces be- 
come too much corroded for use. In ordinary cases, three years is 
the usual duration of these furnaces, except in flint-glass-houses, 
where they last longer, from the lower melting point of the materials 
and the peculiar shape of the pots. 

The furnace is erected over a large flue, or cave, as it is technically 
termed, very strongly constructed, and 5 or 6 feet high. On each 
side of the grate-room, in which the flue terminates, a bank is raised, 
termed the siege, on which the pots are placed, so that the fire lies, 
as it were, below the bottom of the pots and in the centre of the fur- 
nace, but stretching through its whole length. The sides of the;fur- 
nace are a little higher than the top of the pot, and the arch, or crown, 
is made as low as possible, to be consistent with durability. Open- 
ings are made in the sides of the furnace, opposite to each pot, and 
above all, a high cone is erected for the purpose of draught. In all 
kinds of glass, except flint, these openings are the only exit for the 
flames or heat into the cone, and the heat striking directly against the 
roof or arch of the furnace, is reverberated down upon the pots, finally 
escaping through these openings, or “working holes.’’ This neces- 
sitates a great loss of heat, which is obviated in some degree in the 
flint-glass furnace, where the exit is by means of a flue or chimney, 
the entrance into which is low down in the side of the furnace, so 


[*. In seveiai American glass-houses the only fuel employed is rosin. The absence of 
all earthy impurity, and the great volume of fl^e produced by this fuel, render it highly 
valuable, and the large quantities of late years derived from the manufacture of cam- 
X^hine, pine oil, and similar compounds, have made the article of easy attainment Rosin 
free from dirt, is alone employed. It is generally pulverized, and supplied in very small 
quaiitities at a time, leaving no residuum and involving no danger of tarnishing the glass 
by dio^ oir otherwise, the moderate price of 60 or 80 cents per barrel of 260 pounds, 
rosin is found more economical and advantafeous than any other species of fuel. — 
Am.S»,3 
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that the ^eat is compelled to encircle the whole pot before it can 
escape. 

The sides of the furnace are constructed of bricks, formed in moulds » 
made for the purpose. The best fire-clay, mixed with the remains 
of old pots coarsely ground, is the material employed for making 
these bricks; but it will be made to appear in our next group, that 
these clays would be much improved, for this and many other pur- 
poses, by the addition of some coarse sand or ground pure sandstones. 
The roof is generally made of sandstone alone, of a coarse grit, and 
very porous. No cement is employed in the arch; the expansion of 
the stone and the partial fusing of the interior surfaces afterwards, 
bind the whole sufficiently well together. 

It is almost unnecessary to remark, that a long and cautious an- 
nealing is of the greatest importance in these furnaces, and that the 
foundations ought to be dry or well drained. 

Some sketches which follow w ill give a better idea of the shapes of 
the furnaces employed in the different kinds of glass. 

The Pots . — These crucibles, or pots, are next in importance to 
the furnaces, and every care is taken in their production. The best 
fire-clay, mixed with varying proportions of the remains of the old 
pots, is employed, and the tetnperingy or previous preparation of the 
mixture, requires great attention. A certain quantity of the ground 
materials, after being mixed with water, is stored away in large 
wooden bins or receptacles, and turned over from time to time, dur- 
ing which a workman treads it under his naked feet. This kneading 
of the clay renders it very uniform and free from particles of air. The 
following is the composition of some of these clays. 
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Water 
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10.30 

11.00 

12.60 

16.00 


98.80“ 

99.95 

100.05 

98.70 

100.00 
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Richardson. Berthier. 

The clay thus prepared is rolled up into small pieces resembling 
that shown in Fig. 2 which 
the pot maker holds in his 
ri^ht hand, w'hile he works 
it into a mass, slightly turn- 
ed up on the edges, and 
spread out on a wooden 
board. This mass is the 
bottom of tjie pot, and the 
outer edges thus turned up, 
form the commencement of 


Fig. 2. 
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the sides or wall of the pot. The workman gradually wc^ks round 
and round the mass, adding piece after piece, his left hanu retaining 
the shape of the sides by pressure from the inside, while each piece 
is being worked into the yet imperfect wall. The whole of the pot is, 
therefore, formed by the eye of the workman, occasionally assisted by 
measuring the diameter, taking care not to add more than 3 or 4 
inches to the height of the sides each day. After each day’s work, 
wet cloths are laid upon the unfinished sides, while a gentle heat is 
maintained in the room, the finished part gradually acquiring con- 
siderable consistency. It is of importance that the surface and upper 
part of the sides should not become too dry, as the successive addi- 
tions would not then adhere, and the pot, after being placed in the 
furnace, would split off into rings, showing the points where the neg- 
lect of this precaution had taken place. When the pot has been 
finished, the sides are made smooth by means of small w^ooden scrapers. 
The following sketch (Fig. 3) shows the form in which flint-glass pots 


Fig. 3. 



are made ; the only difference between these pots and those in use 

for other descriptions of glass, con- 
sisting in the absence of the hood 
or cover, while the upper part is 
slightly enlarged, something like 
the shape shown in Fig. 4. 

The annealing of these pots re- 
quires even more care than the fur- 
nace, and the older the pot, before 
it is heated to redness preparatory 
to being removed into the melting 
furnaces, so much the better. When 
brought to a red heat, it is carried 
from the annealing kiln to the fur- 
nace, on the end of a strong iron machine, of the form represented in 


Fig. 4. 
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Fig. 5. The heated pot hangs on the end a, and the workmen sit 
upon the cross bars & & to counterbalance its weight, while others drive 


Fig. 5. 



the machine towards the open end of the furnace, in which the pot 
is gently laid on its side. By means of levers worked through differ- 
ent openings of the furnaces, the pot is gradually brought into its 
proper position, and is then “glazed,’’ as it is technically termed, 
before being 611ed with materials; t. e., some cullet, or old glass, is 
thrown into it, and spread over the sides in the melted state ; this then 
penetrates, to the depth of a few lines, into the substance of the pot, 
and forms a hard difficultly fusible glass, which protects the pot from 
the further action of the materials. » 

Preparation of the Materials . — It has already been stated that a 
great saving of fuel and time is effected by intimately mixing the 
materials in the most minute state of division. Edgestones and sift- 
ing machinery are, therefore, essential in a glass-house. The mate- 
rials are either mixed together in heaps, or, better, in the slowly 
revolving barrels similar to those employed in the powder-mills. 

Until quite recently, the materials have always been mixed by the 
workmen, and the generally imperfect way in which this has been 
done, must have struck an attentive observer, as very prejudicial to 
the subsequent chemical changes that take place in their mutual re- 
action, before becoming a homogeneous fluid transparent body. In 
many chemical operations, the entire success depends upon the inti- 
macy of the previous mechanical mixture of the ingredients, and we 
may point at least, to the importance of blending the charcoal and 
sulphate of soda in the case before us. Mr. Chance has proposed the 
following plan for remedying the objection. Fig. 6 is a vertical 
longitudinal section, and Fig. 7 a transverse section, of an apparftos 
for this purpose. The whole apparatus is made of wood, and ccm- 
sists of a chamber a, with an opening in the upper part &, ferrfeceiv- 
ing the material, and another in the semi-circular bottom at e^ througli 
which they are again removed; d is a cylinder with numerous beaters 
fixed obliquely to it, and the whole is made to revolve by suitable 

VOL. n. D 
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machinery and power. Mr. Charles Cowper finds that the mixture 
is best effected when the ingredients are placed in a revolving wooden 
barrel, constructed and set in motion upon the same plan as those 
used in the powder factories, as alluded to above, and described at 
vol. i. page 361. 

Fritting . — In former times it was usual to heat the glass-mixture 
to such an extent, that an incipient fusion, or caking together, com- 
Inenced, during which the silica began to act upon the bases, the 
carbonic acid was partially expelled, and a so-called frit was pro- 
duced. As a high degree of heat is necessary for this useful though 
not absolutely necessary operation, it has recently, wdth the exception 
of certain cases, been discontinued. One great advantage of fritting 
consists in the partial union which it effects betw^een the silicic acid 
and the bases, so that the latter are not volatilized in the furnace pre- 
vious to the formation of the glass, and the pots and sides of the fur- 
nace are consequently not exposed to the injurious action of their 
vapors.* 

Melting . — As soon as the pots have acquired a glowing heat in the 
tempering or w^arming furnace, usually called the pot-arch, they are 
transposed to the melting furnace; the apertures through which they 
are inserted are bricked up, and the fire is increased, during six or 
eight hours, until the melting is attained. The simply calcined or 
fritted mixture is then introduced, but not all at once. The mass of 
glass which a pot will hold, occupies before fusion, in the state of a 
mixture, just twice the space of the melted glass. Even supposing 

* The substance called ^iekmelz'^ [enamelj in the Austrian and Bohemian glass-houses 
is a true frUf or an imperfectly melted mixture, composed of lixiviated ashes and sand. 
It is produced in the pots at the end of the campaign, when the furnace is no longer At 
for regular work, and is quenched in water afler being ladled from the pots, and used as 
an addition to the crude materials in the actual preparation of glass. 
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the crucibles capable of bolding the whole of the mixture, it would 
not be advisable to add it ail at once, as there would be danger of 
||>win^ over, and a solid nucleus would be formed, capable of resist- 
ing fusion for a long time. For this reason, one-third of the mixture 
is first introduced through the working holes, by means of shovels, 
and the other jtwo-thirds are added successively, when the previous 
portion appears thoroughly melted. At this period, however, the per- 
fect combination and solution of the ingredients are by no means 
attained, and the completion of the real melting process is only about 
to commence; the temperature is now increased by stoking the fire, 
until that degree of heat is attained which brings about complete 
fluidity, and allows full scope for the exertion of the chemical affini- 
ties without volatilizing too much alkali. 

During the whole period of the melting or founds the stokers, or 
teazers^ keep the furnace well supplied with fuel, so as to prevent any 
portion of the grates becoming uncovered, since a rush of cold air 
from below, w'ould probably split some of the pots from top to bottom. 
During this operation, the founders* are engaged in observing the pro- 
gress of the fusion, by taking from time to time proofs, or drops, from 
the pots, by means of a short rod, flattened at one end, and examin- 
ing whether any undissolved grains of sand are perceptible on cool- 
ing, and w^hether the mass, which still contains a quantity of air-bub- 
bles, appears uniform throughout. As long as carbonic acid is evolved 
with any degree of violence, or during the hoil^ the mass is agitated 
by the escape of the larger bubbles of gas in a manner very favorable 
to the progress of the operation ; this motion answers the purpose of 
stirring, and mixes the compounds of variable degrees of fusibility 
and density, w^hich are at first produced, with each other ; at a later 
period, when the disengagement of gas ceases, the denser compounds 
are apt to settle down to the bottom of the pot, where the temperature 
is considerably low’er (about one-fourth), and is consequently incapable 
of preventing the deposition by the production of ascending currents. 
This evil is moderated on the continent by stirring with the scooping 
ladle, or by thrusting a piece of white arsenic to the bottom of the 
pot, and thus -causing a forcible expulsion of vapor from that part of 
the vessel. At the close of the melting process, the contents of the 
pot are not by any means pure, or equally mixed. The solid matter 
is indeed all dissolved, but the mass of glass is full of small bubbles 
of gas, presents a spongy rather than a dense appearance, and is not 
yet in a state fit for working. The surface is also covered by a layer 
of so-called glass-gall^ or sandiver^ a melted mixture of salts which 
have not been volatilized, nor combined with silica during the process 
of melting, and consisting chiefly of chloride of potassium (or sodium) 
and sulphates, which have escaped decomposition in consequence of 
imperfect vitrification. 

The following has been found to be the composition of this saline 
matter (glass-gall, or sandiver), which is skimmed off the surface of 


From the French fondeur. 
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the melting materials in glass-making, and is technically termed 
salts: 


Constituents. 
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Crystal-glass. 
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(( 
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Insoluble matter 

3.25 
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When this glass-gall occurs in large quantity, it is removed with 
ladles, and employed by saltpetre and alum manufacturers, or workers 
in bronze ; in the finer varieties of glass, prepared from purer or puri- 
fied materials, where, instead of crude potashes, ashes or soda, purified 
substances have been employed, either no glass-gall is produced, or 
that which appears is easily removed by volatilization. 

Fining . — The last part of the process of glass-making is now arrived, 
which is termed the finings and the object of this is the removal of the 
air-bubbles and impurities, such as undissolved grains of sand, &c., 
from the chemically finished glass in order to prepare it for w^orking. 
This process is a simple separation of the heterogeneous substances by 
subsidence, in which the heavier particles settle down to the bottom, 
and the gas-bubbles rise and disperse on the surface of the melted 
mass. It is easily understood that this operation can only be success- 
fully conducted when the glass is in the most fluid state, and opposes 
the separation of the foreign matters as little as possible; the heat of 
the furnace is consequently raised to the highest point, and this tem- 
perature is sustained until the mass appears fit for working. With 
reference to the temperature, this period of melting and fining is termed 
in Germany the hkss-schuren [hot stir]. Dunng this time, which 
always comprises several hours, no chemical change occurs, with the 
exception of the volatilization of a little alkali ; but the proofs drawn 
by the founder are much more uniform in texture and freer from bub- 
bles, until, at length, the whole is recognized as thoroughly fined. The 
mass of glass which is now ready, in every sense of the word, can 
only be formed into vessels when it possesses a certain state of con- 
sistency, and this is entirely dependent upon a fixed temperature, 
which has been very much exceeded during this period. The work- 
ing, consequently, does not immediately follow the fining process, but 
a period called the kalt schuren [cold stir] intervenes, during which 
the heat of the furnace is allowed to sink to that temperature at which 
the glass is in the best condition for working or blowing. 

i^/<-scAuren.*— This period of the melting process begins with a 

♦ This term, as well as htm^khiSreny used previously, is not capable of exact transla- 
tion. The latter operation, kaU schOrmt is allied to what is sometimes called stopping, 
and consists in plastering up the bars of* the furnace, after a large fire has been made 
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cessation of work on the part of the teazer, the fire is left to itself for 
half or three-quarters of an hour, and the interval is used for cleaning 
and clearing the grate and other parts in its vicinity. The teazing 
is then continued in such a manner as to keep the mass of glass uni- 
formly at the temperature at which it is thickly fluid, and this tem- 
perature is secured by moderating the quantity of fuel, and employing 
denser varieties and such as are consumed with less flame. If, during 
the former period, pine wood had been used, beech wood would be 
the proper fuel for this part of the process. Observations with Wedg- 
wood’s Pyrometer have shown the temperature of the kalUschuren to 
be 70^, that of the heiss-schuren 130°, which is equivalent to about 
5055° C. for the former, and 9388° C. for the latter. 

Faults in the Glass, — Glass without fault or blemish throughout is 
hardly attainable at any one melting, although the greater proportion 
of the manufactured articles may be faultless. The ordinary faults 
are attributable to a want of uniformity in the mass, and arise partly 
from imperfect fining, and partly from foreign matters falling into the 
melting glass. Undissolved sand forms white grains, and particles 
of undissolved saline matter appear in the flocculent form. The ap- 
pearance of opacity in certain parts is more generally diffused, and is 
produced by a very fine precipitate in lesser or greater quantity. This 
often arises from the presence of insoluble matters, as bone-earth, 
oxide of tin (compare bone-glass), or from certain circumstances, the 
nature of which has not been minutely investigated. Air-bubbles 
frequently remain, and generally exist in great number when the 
fining process has been obstructed by too great difficulty of fusion in 
the glass, and are technically termed seed, blibe, or blister. Threads 
or strings are produced when, during blowing, cold particles of glass 
drop into the melted mass, and extend as projections from the blown 
vessels, being no longer in a state of complete fusion. 

Waves and striae are common imperfections, and are very objec- 
tionable in glass for optical purposes, and in window-glass ; they are 
caused by certain portions of the glass, which are not different in 
transparency or color, refracting light more powerfully than others ; 
when portions of glass of different degrees of density cross each other 
in opposite directions, the images of objects seen through the glass 
appear out of place and distorted, and the fault is very objectionable, 
A similar, but much more serious inconvenience, which is frequently 
a source of color in the glass, arises from the action of the alkaline 
vapors upon the constituents of the sides of the furnace, particularly 
when common salt or sulphate of soda is used in the manufacture. 
In this case, that portion of the arch situated immediately above the 
glass-pot being most exposed to the vapors, its silica combines with 
the alkali and forms, with it and with the iron and alumina of the 
clay, a green and very difficultly fusible glass, which creeps down 


and allowed to burn clear, or covering the fire with a quantity of loam and shutting the 
cave doors. The heat is then gradually reduced to the proper temperature for working. 
The great thickness of the walls of the furnace, and the slow combustion of the fuel, keep 
the furnace lK>t enough during the period in which the glass is blown. 

D* 
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the curved roof and drops from the first small inequality on the sur- 
face, or from that part where the surface is more horizontal, in thick 
drops into the pot. As these drops are very different from the mass 
of the glass, both in composition and fusibility, they sink down to the 
bottom instead of melting, and leave a fibrous tail, which coils about 
in the substance of the glass- vessels. 

Knots of this kind are produced, though 
less frequently, by the action of the glass 
upon the mass composing the crucible. The 
drops of aluminous glass are prevented fall- 
ing into the crucible, according to Kirn, by 
constructing the pots and the arch of the 
furnace in the manner represented at Fig. 8. 
The segment of the w^all of the furnace a b 
c d, which comprises the working-hole, is so 
large, that drops falling in a perpendicular 
manner from the corner h (in the direction 
of h g therefore), can only reach the in- 
flected margin of the pot gr. A second, less 
solid arch, i k m, reduces the size of the 
working-hole to the proper dimensions.* 


Fig. 8. 



OF HOHL-GLASS. 

Varieties of glass, differing in composition and of very variable 
quality, are comprised under this term in consequence of the similarity 
which exists in the mechanical process of working them, and in the 
management of the melting operation. 

All kinds of hollow articles, as bottles, drinking vessels, preserving 
glasses, chimney glasses for lamps, goblets, tubes and chemical ves- 
sels in general, from the finest Bohemian glass for cutting and grind- 
ing, to the ordinary green bottle-glass are included under this head.f 

Hohl^glass Furnace . — The arrangement of an ordinary hohl-glass 
furnace is shown in Figs. 9, 10, 11, and 12, The Figs, represent a 
four-sided furnace, intended for six glass pots, and constructed in a 
very appropriate manner; it can be used for all kinds of glass belong- 
ing to this class. Fig. 9 represents a horizontal section at the height 
of the sieges or seats. Fig. 10 a perpendicular section through the 
teazing arch; Fig. 11 is also a perpendicular section through the 
sieges, and Fig. 12 is a front view with a section of the fritting kiln. 

There are four side kilns connected with the main furnace Ay in the 
shape of four wings, viz., two cooling or annealing furnaces B JB, and 
two fritting kilns C C. Above the foundation, in which the drains 


* Another plan is to make the working-bole in the perpendicular wall of the furnace 
and to spring the arch of such a form that the angle of the part over the pot may be suf- 
ftcient to cause the tears to flow down the arch instead of dropping into the pot. 

t In those cases where these glasses contain a certain amount of lead — which is not 
generally amongst their oonstituents-^e lead is only of secondary importance, and in- 
tended to render them more easy of fusion. 
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above the ash-pits y, and are exactly opposite to each rther ; they are 
supplied with fuel from the arches b b and d d, whilst the iianies 
from the two extremities meet in the fire room Fig. 11> and^^er 
together the space a a occupied by the pots w a u tt, and— reverberat- 
ing from the four-sided arch — escape at last through the flues c c, 


Fig. 11. 


■lawiiiiiii'v. 



eight inches in width, into the side ovens, of which two c c can be 
heated by separate fires k k ; the damper S', Fig. 12, shuts off the 
flame from the furnace when required. The uprights iiii sepa- 
rate the working spaces of the glass-blowers, who obtain access to the 
glass in the pots through the working-holes eee. Immediately below 
these are the openings r r r, which can be opened for removing the 
pots, when broken or worn out, from the sieges, to which they often 
adhere. In order to retain the heat in the furnace, the working-holes 


Fig. 12. 
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are made as narrow as possible, and consequently much smaller than 
the pots ; when it is necessary to change the latter, they are removed 
through the side arches, of which there are two in every furnace, and 
these are kept constantly bricked up, except when actually in use. 
Chimneys / are sometimes erected over one or more of the working- 
holes to carry off the heat and the vapors from the pots; these, how- 
ever, are not essential, and arfe not often used. The side kilns are 
accessible by the doors S S S. Wood is placed on the scaffolding z z 
to dry. The cupola or arch v is walled over with ordinary bricks, 
and the corners are filled with sand and earth. 

The round melting furnaces, although very commonly used, are 
not so commodious as those of quadrangular form under the same cir- 
cumstances. If, for instance, six pots are to be set, each of which is 
24 inches wide, then the arch of a round furnace, at the height of the 
sieges, must be at least 96 inches in diameter, and a cross section will 
consequently comprise 7238 square inches; in the quadrangular fur- 
nace, on the contrary, the three pots arranged on either side occupy 
respectively 72 inches, and the spaces between them 6 inches, which 
amounts to 78 inches lengthways in all, and, with a breadth of 72 
inches, gives a transverse section of 5616 square inches. In a round 
furnace, therefore, the same height in the arch, the space to be heated 
will be as much greater as 7238 ; 5616=9 : 7, or |ths greater, and 
the amount of glass that can be worked in it is not large in proportion. 
The quadrangular furnaces also aflbrd better opportunities of connec- 
tion with the side ovens, but do not allow so much space for the opera- 
tions of the workmen as the round.* 


BOTTLE-GLASS. 

Composition , — In choosing ingredients for this kind of glass, eco- 
nomy is the chief object ; color and appearance are here of no moment, 
and the discolorizing materials are consequently altogether left out of 
the mixture. Although local causes and other adventitious circum- 
stances have given rise to such great diversity in recipes for glass 
mixtures, that nothing positive can be stated upon the subject, yet 
the following examples will help to illustrate both the exceptions and 
the rule followed in these cases; they are all calculated for 100 lbs. 
of sand: 


rOR CHAMPAeiTE BOTTLES 

OBDIITART GREER 

DARK GREER BOTTLE* 

ACCOEDIHO TO JAHKKL. 

BOTTLE GLASS. 

GLASS. 

200 lbs. felspar 

72 lbs. of lime 

20 lbs. dry Glauber's salt 

20 “ lime 

280^278 “ lixiviated 

18 ** soap-boilers’ dux 

15 “ common salt 

125 ^ iron slag. 

wood ashes. 

1 “ Scheffel (pruss.) 
lixiviated ash 
39 ** glass from the 
heartli 

179 “ green cutlet or 
broken glass 

45 " basalt. 


* For an elaborate diacuasion on the construction of glass-famaoes, including the above 
points, see an admirable paper by Kim, in Erdmann's Journal, vol. zi. p. 34. 
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BOTTLE-GLASS. 


ORDINARY FRXNCH BOTTLE OLASS. 

30 — 40 lbs. varec 
100 — 170 “ lixiviated ashes 
30 — 40 “ fresh ashes 
80 — 100 % clay containing iron 
100 “ broken glass. 


ENOLlflH ROTTLX-OLAM. 

100 lbs. lixiviated ashes 
40 — 90 “ kelp 
30 — 40 “ wood-ashes 
80 — 100 « clay 
100 “ cullet. 


It is obvious that all these mixtures contain potash, soda, lime (also 
magnesia), alumina, and iron as bases in different forms of chemical 
combination. The common yellow sand which is used without pre- 
vious purification, adds materially to the amount of iron in the glass. 
The mixtures for bottle-glass and finer kinds of hohl-glass, are either 
melted in the same furnace, that the refuse from the latter which flows 
into the cave or main flue may be more profitably used up, and those 
parts of the furnace may be turned to account in which the finer kinds 
of glass would be endangered by the current of particles of ash; or 
separate furnaces are reserved for bottle-glass alone. In the latter 
case, no true fining is carried on, but the blowing operations begin 
as soon as vitrification is accomplished, and the mass appears tolerably 
free from foreign matters so as to admit of being cooled to the proper 
temperature. 

Mechanical Operations , — The manufacture of bottles affords a good 
instance of the dexterous manipulations which are practised in blow- 
ing glass. The mode of working carried on in Spessart, is the most 
easily understood on account of its simplicity. 'I’he mo.st important 
instrument is the (Fig. 13). This is a tube composed of 


Fig. 13. 


i 

wrought iron, 4 to 5 feet long, 1 inch thick, and about J inch in the 
bore, having a knob at each end, the one of which a serves as a mouth- 
piece, whilst to the other b the melted glass is attached. To protect 
the workmen from the heat of the metal, a wooden handle c about a 
foot in length, surrounds the upper part. As soon as the working- 
holes are opened, and the surface of the glass is cleared from sandiv er 
or glass-gall, the workman attaches as much melted glass to the end 
of the pipe b as he considers necessary for the production of a single 
bottle ; his eye and hand are here unfailing guides as to the requisite 
quantity. By dipping the previously w^armed pipe into the pot, a little 
glass remains attached to J; after turning this in the air before the hole, 
until it is cooled, and blowing slightly into it to render it hollow, a 
fresh layer of glass may be attached to it in the pot ; to this, a third is 
added in the same manner until the ball at the end of the pipe has 
accumulated to a sufficient size. That this ball may become uni- 
formly tractable in the subsequent forming, it is held by the workman 
in the flame of the furnace through the working hole, it is then brought 
into one of the round concavities of the marker,* Fig. 14, a moist 



Constructed at ditferent times from a stone, marble or cast iron plate. 
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board, where the ball gradually assumes the 
form of a thick hollow globe, or rather pear- Fig. 14. 

shaped vessel, Fig. 16. It acquires this shape 
by the constant rotary motion given by the 
workman to the pipe whilst the cooling and 
stiffening of the mass are rendered uniform by 
the marver, and it is prevented shrinking together by constantly blow- 
ing into the pipe with very little force. The mass of metal* must be 
equably distributed round the axis of the pipe, and advanced 
in front of its mouth, being connected with it only by a short 1*'’- 
neck. Towards the front part where the subsequent widen- 
ing occurs, and the mass is blown out, it is thickest, the por- 
tion nearest the pipe is less massive. 

Thus far advanced, the glass has again become cool, and 
is re-warmed by insertion into the working-hole, in such a 
manner that the front part receives the chief portion of the 
heat, and becomes the softer. The pear-shaped vessel is now 
lengthened by the blower, and its form is approached to that 
of a bottle by a threefold operation: by blowing into the tube 
with greater force, by swin^ng (backw'ards and forwards in 
the manner of a pendulum) and by a simultaneous constant 
rotary motion of the pipe round its axis. The globular form 
which the glass tends to assume under the influence of the blowing, 
is converted into a long thin egg shape by the swinging motion (Fig. 
16) ; and so much the more as the lower 
temperature at d is less favorable to the 
formation of a globe than to the lengthen- 
ing of the neck. The rotation round the 
axis of the pipe is an essential part of 
every operation in giass-blow’ing. The 
glowing mass of glass creates a powerful 
current of air in an upward direction, and 
the lower portion becomes cooled in conse- 
quence much more than the u])per. This 
naturally creates an inequality in the re- 
sistance offered to the blowing, and the 
upper portion w’ould be more expanded 
than the lower if the cooling influence \vere 
not allowed to act upon all parts of the 
surface alike by the revolving motion of 
the pipe, and this is particularly the case when the pipe has to be 
held in a horizontal position. The mould a (a simple cylindrical 
hollow block of wood or iron) is placed at the side of the workman 
who is blowing the pear-shaped vessel; into this he inserts the vessel 
as soon as it has acquired the proper thickness, in the manner repre- 
sented at Fig. 17, and by blowing forcibly into the tube, he presses 
the glass firmly against the sides of the mould, whilst, by a kind of 

• Metal is the technical term applied to glass during working. 
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BOTTLE-GLASS— MOULDING. 


jerking motion, the neck is drawn out to the proper length. The un- 
finished bottle, which as yet has no bottom or mouth, is again warmed 
in the working-hole in such a manner that the lower part only is 
heated, whilst the other parts remain comparatively cool. In the 
meantime another workman or a boy has attached a small quantity of 
glass to another pipe or rod of iron, called the punty or pontily which 
is also kept hot in the working-hole. Both workmen now stand oppo- 
site to each other ; and whilst the pipes are kept constantly turning, 
the punty is forcibly pressed against the middle of the lower part of 
the bottle which is thus forced inwards, and an even edge is produced, 
upon which the bottle may stand steadily. The bottle remains for 
some moments between the two instruments. Fig. 18, until, by the 
application of cold iron or a drop of water, the neck can be separated 
from the pipe.* The bottle is now supported by the punty, as shown 
at a (Fig. 18), so that the neck can be warmed, and the sharp edges 
melted round without softening the other parts. A rotating motion 


Fig. 18 . 



is now given to the red-hot neck, the pipe being rolled backwards and 
forwards upon the knees of the workman, as shown in Fig. 19. The 

Fig. 19. 


Jk 
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bottle then revolves upon its axis as if it were placed in a lathe, and 
it is only necessary to press the shears, or an iron instrument like 


* This sudden separation is an operation of constant recurrence in the glass-house, 
and is effected a sudden change of temperature produced at the point of separation 
in the hardened glass, either by the cold application of a drop of water, or by the power- 
ful heat of a red-hot iron or ihreati of liquid glass from the pot. The point of separation 
must often be re-heated in order to fly on the application of cold water. 


iBO'ttLE-GLASd. 

a turning chisel, against the mouth to widen or reduce it to any required 
dimensions ; the nm for strengthening the neck is formed from a drop 
of glass taken - from the pot by the edge of the flask and 
wrapped round the mouth in the form of a thick thread. The Fig. 20. 
bottle, which is now finished (Fig. 20), is immediately car- 
, ried by the punty-rod to the annealing-oven by a boy, pushed 
into its proper place, and the punty-rod is lastly detached 
from the bottom of the bottle by a sudden sharp jerk. The 
place where the punty was attached is perceptible in every 
bottle blown in this manner by the sharp edges where the 
fracture occurred. 

Large round bottles are blowm without the use of a mould, 
and when of very large a^ze, like the carboys for sulphuric 
acid, the aid of steam is called in, by spurting a mouthful of 
water into the interior, and holding the mouth of the pipe 
with the thumb. Bottles in the shape of a flattened globe 
are also made without any mould by simple blowing. The 
preparation of the mass of glass, the formation of the con- 
cave bottom and of the neck, is in this case effected in pre- 
cisely the same manner as above ; the swinging motion, 
however, must not be continued for such a length of time, as the bottles 
required are shorter. In blowing the belly of the bottle, the workman 
stands in front of a slanting board (Fig. 

21), and presses the globe, as it is gra- 
dually formed by slow blowing, against 
the board at every half revolution of the 
pipe, the flat surfaces on opposite sides 
are thus produced. 

Where bottles are necessarily sold with 
a legal stamp upon them, and when their 
capacity must be suited to the standard 
measures of the country, the fulfilment 
of these conditions presupposes an extra- 
ordinary degree of dexterity, and correct- 
ness of eye in the blower. Attempts have 
consequentljr been made by many invent- 
ors to furnish the bottle-maker with a 
mould of such construction as would enable him to secure the forma- 
tion of a ^bottle, perfect both as regards form and capacity, at one 
single operation, without reliance upon his own correctness of sight. 
The use of moulds of this description, like that of Rickets, which is 
easily managed, affords a great saving of time and renders the repeated 
heating of the bottles unnecessary. 

The mould consists of a body which form^J the belly of the bottle 
and of four other parts, a fixed bottom-piece with a movable piston 
for forming the concavity, and two movable pieces for the neck. Two 
treadles^set these different parts in motion. As soon as the workman 
hae introduced the hollow lengthened globe into the belly of the mouldy 
by pressing with his foot upon the first treadle, he brings up the neck- 


Fig. 21. 
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piece, then forces the glass into contact with all parts of the mould 
by a powerful blast, and finishes the bottle by M’orking the second 
treadle, which forces the pestle against the bottom. On the removal 
of the pipe, the rim of the neck is all that remains to be perfected. 

Champagne bottles require to be made more than usually strong, 
in consequence of the pressure exerted by the carbonic acid enclosed . 
within them, and they are particularly liable to fracture during the 
bottle-fermentation of the wine. So great is the loss occasioned by 
the fracture of champagne bottles, that it is even worth while to test 
each bottle singly before using it. A special machine is employed 
for this purpose (those of Collardon and Desbordes are the best), by 
means of which water is forcibly pumped into the bottles until the 
stand of the manometer shows them to haye withstood a sufficient 
degree of pressure. Although every bottle, when quite filled with 
water and containing no air, will burst in the belly from a slight blow 
on the cork in consequence of the sudden force being communicated 
from the liquid to the sides, yet champagne bottles will often with- 
stand a pressure of 40 atmospheres, and upwards (=600 lbs. on the 
square inch). 


WHITE HOHL-GLASS. 


Composition . — The following instances of composition may serve 
as general standards: 


FOR APOTRECARIKS' FHIALS. 


SEMI WHITE. 


100 lbs. of white sand 
30 — 35 “ potashes (impure) 
17 » 

110 — 120 “ ashe.s 
i — i “ perox. manganese J 
(cullet). 


100 lbs. sand 
100 “ cru<le soda 
contf lime 
100 “ cullet 
- 1 “ manganese. 


CLEAR WHITE. 

100 11)S. wind 
00 “ enleined potashes 
C ^ fallt*n lime 
100 “ white cullet 
i “ manganese. 


BOHEMIAN CRYSTAL FOB GRINRING. 
100 lbs. white sand 
0 — 60 “ purified jjotashes 
8 “ chalk 
40 “ broken glass 
i “ manganese. 


WHITE GLASS FOR CHEMICAL 
PURPOSES (Soluiluss). 

100 lbs. sand 100 lbs. while sand 

30 “ j)otashe8 414 “ potashes 

18 “ lime 17.5 “ lime, 

discolorizing matters. 


These examples will suffice to show the general character of white 
hohl-glass, viz., that it is composed of purer materials, which are as 
free from iron and alumina as possible, with the use of discolorizing 
matters. A complete process of fining is always carried out, what- 
ever may be the differences in the composition, rendered .necessary 
by the various applications of the substance. Glass for chemical 
purposes must combine transparency and perfect absence of color, 
with the property of being difficultly decomposed, although this is of 
minor importance for other applications. A few additional instances 
will prove that the working operations are essentially the sam.e as 
those already described, and will show some of the expedients that 
are had recourse to under particular circumstances. 
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Mechanical Operations , — One of the simplest cases is exhibited in 
the blowing of a flask, Fig. 22, 


Fig, 23. 


Fig. 24. 


According as the blast is kept up 22. Fig. 23. Fig. 24. 

with more or less force during the | 

swinging operation, the neck will I P 1 

be more extended or more cylin- I | 

drical. Before blowing out the n 

globe, the glass below is re-heat- TT |: , ^ 

ed, but not that above, which is 11 I 

to form the neck ; if the revolving j I I 

motion isstopped, the pipe having JlijiriL fcii If H 

a downward direction, before the 

globe is completely formed, and | H I 

the pipe is inverted into the po- ♦ V Jjr ! . 

sition represented in Fig. 23, the ^)iig0r j 

belly sinks below the axis of the 

neck of the flask, and a retort is formed ; no indentation occurs, as the 


constant blast keeps up the pressure of air in the interior. 

When a hollow lump of glass, for instance a globe, is drawn out 
whilst hot, the cavity in the interior is always preserved, and even 
when the drawing process is carried to its utmost limits the thread 
of glass appears under the microscope. in the form of the finest capil- 
lary tube. Upon this depends the process of tube-drawing in the 
glass-houses, for which operation two workmen are required. Whilst 
one man collects the necessary quantity of glass on his pipe, and 
blows this out to a very massive globe, preserving a uniform thickness 
of the sides as much as possible. Fig. 24, the other attaches a drop of 
glass to a punty-rod, and warms it in the fire by the side of the globe. 
Both instruments are then removed from the fire at once, and the 
punty-rod is pushed forcibly against the globe in such a manner as to 
•form exactly a straight 

line with the pipe, as Fig. 25. 

represented in Fig. 25 ; 
this being accomplish- 
ed, one of the work- 
men retires backwards 
as quickly as possible 
to the distance of 50, 



60, or 100 feet. In 
this operation the globe 
shrinks at first, as is 

represented at a in Fig. 26, and forms the commencement of the tube, 
which soon cools and does not diminish in thickness, >vhilst the mass 
of glass is spun out by the constant drawing from the warm end at 
b b. Constant rotation of the pipe and punty-rod is here as necessary 
as in all the other operations in glass-blowdng, or the part of the tube 
nearest the ground would cool quickest, and the tube thus assume an 
irregular form. This, however, does not prevent the tube, in conse- 
quence of its great length, from sinking in the middle like a stretched 





m 

fope, Rntd it bijcomes^ consequently, thicker at the two ends, as is 
represented in Fig. 27. The curve in the tube is, however, remedied 
by placing it on the ground before it has become perfectly set, it then 

Fig. 27 . 



straightens, and is cut into lengths of 4 or 6 feet each, by taking hold 
of it .with a pair of cold tongs. Tubes cool very uniformly, in conse- 
quence of their small amount of metal, and they are, therefore, not 
placed in the annealing oven. Lastly, the bore of the tube is depend- 
ent upon the length to which a given mass of glass is stretched, or 
the length being the same, upon the mass of glass. The stoutness of 
the tube is, however, determined by the thickness of the sides of the 
original globe, as the relation between the thickness of the sides and 
the bore is not altered by drawing. Wide, thin tubes (such as are 
used for spindles, &c.) must, therefore, be drawn out of a large thin 
globe, and vice versa : it is necessary, however, whilst the tubes are 
drawing to. blow into them, that the sides may not sink in."^ 

Crown The purest and most beautiful glass is the white 

manufactured in the Bohemian glass-houses for grind- 
ing and polishing. Intended f6r articles of luxury and art more than 
for the supply of the ordinary wants of life, the purity and absence of 
color in the mass are naturally heightened by the grinding and polish- 
ing, and are combined with an elegance of form which would be thrown 
away upon a less pure material. The most careful selection of mate- 
rials, both for the mixture and the pots, and the smallest possible quan- 
tity of base — which always imparts more or less color — are the only 
means of securing a complete absence of color, and a protracted and 
assiduous process of fining is the only safeguard for a sufficient state 
of purity. These conditions are more difficult to comply with in this 
case, because the grinding demands a greater thickness of metal. 
The expense, on the other hand, is here no object. Glass, for the 
purposes of the grinder, is better prepared by the use of proper moulds 
than by simple blowing, partly because the forms are frequently not 
so simple.as to admit of their being made by hand; and partly because 
the various grooves and projections upon the surface can be roughly 
given by means of a mould without adding to the difficulty of blowing, 
and time and trouble are thus saved in the laborious operation of grind- 
ing. The moulds, and the mode of using them, resemble, in every 
respect, those which will be described under flint-glass or crystal. 

OF WINDOW-GLASS. 

Properties . — Although wdndow-panes may be made from any kind 
of hohl-glass that is not too much colored, just as many articles of hohl- 


• For further particulars upon glass-pipes, &c., see Flint-glass. 
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glass are actually prepared from window-glass, i. e, watch and clock 
glasses ; yet, with reference to the object in view, a very marked dif- 
ference is made in the mixture of. ingredients. The amount of lime 
in the mixture must not be too small, that the panes may not be sub- 
ject to become opaque when exposed to the atmosphere (p. 18), whilst, 
on the other hand, any composition that has a tendency to devitrifica- 
tion would be a serious evil, as the glass has to be successively heated 
a great many times before it acquires the proper form for window- 
panes. Perfect absence of color is only requisite in very superior and 
large panes, which must also be of greater thickness ; a straw-colored 
or greenish hue being hardly perceptible in the thin panes. If several 
ordinary panes are placed one upon the other, the bluish-green tint 
is frequently very palpable, particularly at the edges. The following 
are instances of the composition for window-glass. 


GRKEN. 


SEMI-WHITE. 


PERFECTLY WHITE. 

100 lbs. sand 

100 lbs. sand 

100 lbs. sand 

20 — 25 “ potashes 

5C 

► “ purified potashes 

524 

“ potashes (purified) 

8 “ pan stone 

20 

“ chalk 

144 

“ chalk 

ISO “ wood ashes 


“ saltpetre 

i 

“ perox. manganese 

120 — 150 “ broken glass 

H 

“ arsenic 

125 

“ broken glass 

2 “ wood-charcoal. 

le 

" perox. mang. 



RUSSIAN 


or: 


or: 

100 lbs. sand (washed) 100 lbs. 

sand 

100 lbs. quartz sand 

50 “ fir ashes 30 

it 

calcined potashes 30 

— 35 

“ dry purified soda 

100 “ willow ashes 15 

(( 

coihmon salt 

35 

“ chalk 

40 “ straw ashes 22 

(( 

lime 

180 

“ broken glass 




i 

“ perox. manganese 




4 

“ arsenic. 

The following mixtures 

are in use in some English manufactories. 


CROWN-GLASS. 





l!)s. 

lbs. 

cwt 

Sand - 


560 

448 

16 

Chalk^ 


154 

146 

5 

Carbonate of Soda 


119 

168 

5 

Sulphate of Soda 


63 

17 

u 

Arsenic 


2 

2 

0 

Gullet 


448 

448 

16 


GERMAN SHEET. 







lbs. 

Carbonate of Soda 


• . . 


34 

Sulphate of Soda 


- - - 


30i 

Chalk*^ 


. - . 


47‘ 

Sand 


. - . 


- 100 


From the analysis quoted at page 24, it appears that in window- 
glass, for every equivalent of potash, there is from § to 1 equiv. of 
lime, whilst in hohl-glass the lime is in the proportion of 3 equivs. 
Production of Window- Glass, — The mechanical production of 


Quick lime, which has fallen by the action of the air, is now preferred. 
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SHEET OR CYLINOER GLASS. 


window-glass is effected with the pipe, either by blowing a hollow 
cylinder, which is cut open and flattened out, in a special operation 
(sheet or hroad-glass\ or by distepding with the aid of centrifugal 
force, a more globular-shaped vessel attached directly to the pipe 
(crown-glass). 


SHEET-GLASS. 

Cylinder Blowing . — The operation of blowing cylinders commences 
as usual with the collection of a sufficient quantity of metal from the 
pot at the end of the pipe. A massive glass ball is thus attached 
round the knob of the pipe which must be pushed forward wdth a flatt- 
ing-iron until an annular groove is produced 
Fig. 28. Fig. 29. ^ls at a. (Fig. 28.) This operation (Schrdnken) 
completed, the blower rounds the ball on the 
marver, and distends it slightly by blowing. 
It then assumes the form represented in Fig. 
28, from which it will be seen that the mass 
of glass is thickest in front, as from that part 
it has to be distended and lengthened into a 
cylinder. In the subsequent operations, it first 
assumes the width of the future cylinder and 
then the length. With this object in view, the 
workman, after having re-warmed the ball of glass, holds it perpen- 
dicularly above his head, and blows into it. The heavy bottom yield- 
ing with less ease to the blast, 
admits of the distension of the 
mass in width, and a flattened 
bottle is formed (Fig. 29). As 
soon as the proper width is 
attained, the pipe is qlickly 
inverted, so that the ball is 
undermost, and an incessant 
swinging motion is now kept 
up with a constant blast. Fur- 
ther distension is thus effecteil, 
but from the bottom only, as 
the thinner sides have by this 
time cooled, and in conse- 
quence of the swinging motion 
in the direction of the length, 
so that the bottle acquires the 
form represented in Fig 30, by 
the time that the glass has so 
far cooled as to be no longer 
expansible. If the swinging 
were omitted, the bottle would 
be distended in all directions, 
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and present the form indicated by the dotted line. By repeated warm- 
ing, swinging, and blowing, the form (Fig. 31) is gradually produced, 
which is then the proper length gf the cylinder. It is then conical, 
and terminated by a semicircle, in the middle of 
which, at c, is the thinnest part of the vessel. When 
the workman blows air into the pipe, and closes the 
aperture with his thumb before withdrawing the pipe 
from his mouth, the air expands and exerts great 
tension upon the sides of the cylinder; if the weakest 
part, at c, is now held in the flame, it will be blown 
out and burst.* The cylinder having thus been opened 
as represented in Fig. 32, the next object is to extend 
the somewhat uneven and Ihick margin of the aper- 
ture, and reduce it to the proper dimensions, whilst at 
the same time the other parts, are straightened and 
acquire a uniform diameter, as is shown in Fig. 33. 

Prominent portions which may sometimes project, are 
cut away with the scissors. 

In order to convey a better idea of the swinging mo- 



Fiff.34. 



♦ In other oaees the point c is seized by a pair of forceps by another workman, and 
drawn out, when the application’ of a cold iron causes a circular crack all round, and the 
piece is broken oif. 
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lion by which the peculiar form is given to this kind of glass, a 
general sketch of the blowing-furnace, &c., is shown in Fig. 34 ; a 
is the furnace, b the working hole, and c c are short flues over the 
working hole, to carry off the flame, &c., from the workman into the 
cone ; d represents a longplankupon which the workman stands over 
the pit c, as he twirls the pipe and glass cylinder^/y* until it assumes 
the form. Fig. 31. 

According to the size of the cylinder, it may be either blown at 
once, or it* will require to be re-heated several times. When very 
long and wide cylinders are blown, the lower portion is liable to 
become too thin; an extra portion of glass must then be incorporated 
with it before the opening process. 

The neck and curvature where the pipe was attached to the cylin- 
der have now to be re- 
moved, in order to spread 
the whole out in the form 
of a plate, and the cylin- 
der must be cut open 
lengthwise. The cylin- 
der, supported by an as- 
sistant upon a wooden 
rod is, therefore, turned 
round two or three times 
in the curve of a bent iron, heated to redness, as showm in Fig. 35, 
and a drop of water is allowed to fall upon the heated line, which 

fractures the glass and detaches the cap. 
In a similar manner, but in a straight di- 
rection, a crack is made longitudinally, and 
the cylinder is then prepared for spreading 
or flattings Fig. 36. 

Furnaces constructed purposely, in se- 
parate buildings, are necessary for this 
operation, the principal parts of which are 
shown in perspective at Fig. 37, and in horizontal section over the 




Fig. 37. 
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sok ill Fig. 38 . The arched space A which extends the whole 
length of the furnace, comprises the ash-pit a, and the grate r; the 


Fig. 38. 



former is accessible by the door h ; the stokage is performed through rf. 
The flame enters the upper space through the apertures c, c, c, c, and 
first plays upon the flatting-hearth C, before entering the annealing 
or cooling-furnace B — w’hich is also heated directly by the fire — when 
it escapes through the flue or channel JD, by which the cylinders are 
introduced to be subsequently removed at i. The flatting-hearth and 
the cooling-furnace are connected with each other by a low arched, 
wide aperture £, for the passage of the plates, as well as by a smaller, 
higher opening g, for the admission of the flame. The heat in the 
interior can easily be regulated by pushing plates over the apertures 
c, c, and opening or closing the aperture k. The flattener stands in 
front of the aperture /, the workman engaged at the cooling-furnace 
before m, and an assistant in front of i, who pushes the cylinders 
0, 0, 0, 0, along the railway p. 

The most essential part of the furnace, how^ever, is the spreading- 
plate or flatting-stone^ q and g'. This must be perfectly even, with- 
out any roughness or inequalities which would scratch the glass or 
make it lumpy; it must be inalterable in the fire, and of a size some- 
what larger than the flattened cylinders.* A plate of this description 
is usually manufactured from fire-proof clay mixed wdth cementf 
strongly beaten during drying, then burnt, and lastly ground smooth ; 
it is laid upon a bed of sand and in contact wdth a second table of the 
same sort \n the cooling oven. To make quite sure that no injury 

• In some manufactories this artiticial plate is replaced by natural stones, where such 
can be obtained possessing the requisite properties, as those from Grotisione in Surrey. 

t Either ground Oagments of burnt clay of the same kind, or fine sand, or ground 
quartz. 
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shall be sustained by the plates upon the flatting-stones, it is custom- 
ary to cover this previously with a Lager. This is the name riven 
to a thick plate of glass expressly blown for this purpose. These 
lagers are soon de vitrified, which is of no moment, so long as the 
surface remains smooth ; this, however, does not last long, and fre- 
quent renewal of the lager becomes necessary. Lastly, to prevent the 
cylinders from attaching themselves to the lager, the flattener, in some 
manufactories, throws a handful of lime into the furnace, which is 
carried as fine dust by the flame and spread over the lager. The 
temperature in the flatting-furnace must only be just sufficient to soften 
the cylinders; whilst in the cooling- furnace it must not attain that 
point. 

The spreading operation is commenced by introducing the cylinders 
into the warming-tube D. The further the cylinders are pushed for- 
ward by those succeeding them the more they become heated, until they 
begin to soften on reaching the flatting-stone. They are then taken 
by the workman with a rectangularly bent iron, and placed upon the 
lager with the cul side uppermost, where they open of themselves, 
and are easily straightened and made even. For this latter purpose, 

a rod of iron, furnished 
Fig- 39. at the end with a w^ooden 

polisher (Fig. 39), is em- 
ployed, and this is dip- 
ped into water each time 
it is used. When all 
the curvatures and lumps 
have been reduced, the 
sheet is pushed back- 
wards into the annealing-oven, w’here it cools dowm and is placed in 
an upright leaning position by another workman. Betv^en every 30 
or 40 sheets, an iron rod s, s, s (Fig. 37) is inserted, and the opera- 
tion is continued until the whole furnace is filled. 

The principal imperfections in the operation of flatting, arise from 
the want of an appropriate and lasting flatting-surface ; the flatting- 
stone is durable, it is true, but is too hard to preserve the glass from 
scratches; on the other hand, the lagers are well adapted to the object 
for which they are intended, but their durability is uncertain, for when 
the devitrification to which they are subject is advanced to a certain 
stage, they become too hard and their surface becomes roughened. 
According to Lippert, the lagers may be replaced by artificial stone 
plates which are exceedingly thin and composed of equal parts of 
quartz powder and pipe-clay. Th^se are carefully polished and sur- 
rounded by castriron frames. 

In England, the cylinders, as they are made, are placed in a con- 
venient locality on their ends, the floor being paved with wood to 
prevent the loss by breakage as much as possible. The next step 
consists in placing the cylinder in a spreading furnace/’ where it 
I# heated until it ^gins to collapse, when, by running a iron on 
the inner bottom side, or dropping a little water on its edge, it is split 
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lengthwise. Such a cylinder is now placed on a flatting-stone with 
a convex surface, in the same furnace, and to prevent the sheet of 
glass from bending over such a surface, which would destroy its regu- 
larity, the workman continually alters its position, so as to expose all 
sides of' the glass to the action of the fire. This motion seriously 
injures the surface of the glass, while it is also heated to an unneces- 
sarily high point to enable the sheet to resist the cooling action of the 
air in removing it to the annealing-arch. 

Mr. Hartley, the talented manufacturer at Sunderland, has proposed 
the following arrangements, which are much superior to the plan 
described above. 

Fig. 40, 1 , is an elevation of a flatting-furnace in section, with three 
annealing arches of the ordinary description. 

Fig. 40, II, is a ground plan of the same. 

Fig. 40, HI and iv, are elevations of two end views of the flatting- 
furnace ; a 6 is the spreading furnace divided into two compartments 

Fig. 40. 



h 


I 
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hj the partition e; dd^r^ two sets of fire bars, on which wood tMst 
be burnt ; e is the spreading or flatting-stone of the furnace, which 
must be perfectly smooth and even, and made of sandstone from God* 
stone, in Surrey, which is the best adapted for this purpose; i is an 
opening through w’hich the cylinder is placed in the furnace previous 
to^ being laid on the flatting-stone e; A is the opening through which 
the workman spreads the cylinder into a flat sheet of glass; f is the 
opening through which the sheet of glass is removed to the table or 
bed gy in the compartment b. The upper side of the table gy is made 
of stone similar to that employed as the flattening surface. It is 
fixed to an iron frame- work on wheels, and is kept at a proper degree 
of heat by remaining in the furnace, as shown in the drawing. The 
carriage runs on a railway in front of the annealing-arches, where the 
sheet is transferred in the usual way. 

The cylinder is placed on the flatting-stone, and is split lengthways 
by passing a red-hot iron bar k, from end to end, having previously 
sprinkled a little charcoal powder on the inner surface of the cylinder. 
It is now spread out into a sheet by pressing the same on the flatting- 
stone, by means of a small block of elderwood, fixed on an iron bar wi. 
The temperature at which the flatting is performed, is such, that the 
operation does not occupy more than a minute. 

Mr. Hartley has lately introduced two improvements in this opera- 
tion. One consists in making part of the floor of the compartment a 
to consist of a movable stone about 10 inches in diameter, on which 
the cylinder is placed. It is gradually exposed on all sides to the 
action of the fire, by causing the stone to revolve on its axis, and thus 
the objection to the previous plan is avoided where one side of each 
cylinder became so much hotter than the other. 

When the sheets of glass are to be polished, the injury to the sur- 
is not so much an object as to tave them perfectly flat, and the 
1^ which lies between the flatting-stone and the cylinder, renders 
this a difficult operation. Mr. Hartley’s other improvement is intended 
to remove this difliculty, which is accomplished by making holes, 
A^t the eighth of an inch in diameter, all over the flatting-stonfe 
HbOttt an inch apart. 

Mr. Chance has patented another modification of this process, the 
^ef object of which is to prevent the removal of the sheet of glass 
mo the open air until annealed. This he accomplishes by having 
i^veral flatting-stones, at different degrees of temperature, and, lastly, 
by loading or piling his wagons with the sheets of glass which are 
ittBde to amve slowly through a long annealing arch, similar to those 
^ployed for annealing flint-glass articles, kept hottest near the fla t f . 
mg-^nes or “lagers;” in this way the glass enters the flatting kiln 
m the form of a cylinder, and does not leave the other furnace umil 
«o®«aled, without ever coming into the men air. 

^ 116 inort recent improvement is that of Mr. Farthing, in which 
^ ta heated by means of flues arranged under the floor, «roiaid 
wiUs, and over the arch. All depoMt of dust or ^nl 
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from the fuel on the surface of the glass is avoided, and a less expen- 
sive fuel answers the purpose. 

[Franck's Annealing- Oven , — In 1843 Mr. John Franck, of Mill- 
ville, N, J., received a patent for a flattening and cooling oven for cylin- 
der glass, of which a plan, taken at the level of the flattening and 
cooling planes, is exhibited in Fig. 41. Above these planes the oven 
is arched over in the usual manner by a cylindrical arch at the narrower 
part, and by a dome at the broader circular end F. At the end U, 
just above the level of the flattening planes, is an opening in the end 
wall of the furnace for inserting the cylinders, and for manipulating 
the glass. J5 is a horizontal wheel, resting on a pivot at the bottom 
of its axis in a step, placed at a sufficient distance below the upper 
horizontal surface of the wheel to be out of the reach of any injurious 
heat, and the axis m is sustained in the vertical position by a pair of 
cross-bars, through the intersection of which it passes. This wheel is 
covered by the four clay stones oooo, each 31 inches wide and about 
40 inches long, made perfectly smooth. By means of gearing on the 
lower part of its shaft, and a bevel wheel, having its axis projecting 
outside of the furnace, a rotary motion may, at pleasure, be given to 
the wheel 2), so as to bring the several flattening stones successively 
to the front opposite to where the glass is to be placed upon it. In 
the side of this oven is a furnace Q, by which it is heated. Fis a 
suspended wall or mantle connected by bolts to the arch above, and 
coming down nearly to the surface of the w'heel D. The part of the 
furnace between F and U is called the flattening-oven. Beyond the 
mantle F, and between it and the two suspended mantles e and is 


Fig. 41. 
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the indi- 

ML Vihen a cylinder of glaas has b^« lit one of 

the fhHM Itie wheel D is made to revolve, bv if gear- 
ing j||bve aaentioned, so as to carry the pane under the maittie F, into 
the i^paftment E, where it receives the proper annealing hei^^ and is 
trantffirm to one of the stones P P P on the large cooling wheel 
rev<rfvitt^ also on the top of an upright shaft JIf. This wheel is 1 3 
feet indiameter, and contains 9 cooling-stones, each 36 inches long 
and 29 inches wide. It is made to revolve by toothed wheels and 
pinions, so as to bring the several cooling stones successively to re- 
ceive the plates from the heating-oven, and conveying them under the 
mantle t into the cooling oven G. The cooling- wheel is made to 
revolve by gearing similar to that which moves the flattening-wheel, 
carrying the plates quite round the cooling-oven, until they arrive 
opposite to the opening /, where they are withdrawn, having occupied 
about two hours in annealing and cooling. This annealing-oven 
possesses the advantage of far greater compactness than most others 
wr^ch have been devised for the same purpose. It does not involve 
the necessity of setting the panes on edge to undergo the annealing 
process.] 

— The Messrs. Chance, of Birmingham, have recently 
pateiK a new improvement in glass reverberatory furnaces. The 
impro^f j^ent consists in building a second arch above the ordinary 
revert ^ vry arch, which causes the flame, 4 ifter having been revei- 
berate ^ pass over the back of the reverberatory arch, and from 
thenocT io the chimney. 

InurHon of Sheet Glass into the^nnealing^KUns. — Instead of push- 
ing the sheetsW glass into the annealing-kilns, as is now the usual 
practice, and which requires that a portion of the edge of the sheet 
shouhl be turnad down and allowed to cool, Messrs. Chance propose 
to use a long we«ge-shaped rod carrying two vertical supports, between 
which another rW turns parallel with the first, and which is furnished 
at one end with \ handle, and at the other with a grip of wood, so 
that when the woivman has introduced the wedge portion of the lower 
rod iinderneath the plate of glass, he turns the handle of the upper 
rod, 11 ^ brings the\grip down on the upper surface of the plate, which 
is th^ firmly held, andican be carried thus to the kiln. 

Ck^n^Gms (Mondglass). — ^In the manufacture of crown«glass, 
in cii^itlar discs, a flattened vessel is first blown in front of a furnace 
specially constructed for the purpose, and this is converted, without any 
interruption of the process, into a round disc, thickened in the centre* 
Fig. 42 represents a general view of the crown-glass “houses,^’ 
in which a is the melting-fumace^ shown more in detail in another 
sketch; 6 is the a large underground flue;, and c the 

for creating draught; d d d axe front views of the anneo/tng-arcbes; a 
the 6/otci7ig*furnace ; f the fire-places, and g g the various openings 
through w'hich the sheets of glass are placed in the annealing-arches^. 
hhh show the roofs of the buildings, partly resting on the cone; 
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Fig. 43 shows a ^und plan of the melting-furnaces and the ele- 
vation of an end ana side ; a a a a are the stone pillars which sustain 
the cone; b b b b, the walls of the furnace; c c, the grate bars 
upon which the fuel lies; d d, the “sieges,” or position which tbe 
melting-pots occupy, one opposite each opening e e e; g' is an efevn- 
tkm of the sides y*/; and A an elevation of the ends tt of the fur- 
naces ; kk k Bn temporary openings to enable the workmen to 
i|ige iron levers to i^st in placing the pots, which ate eai^l 
oh a machine, in a red-hot rtate, into the fornach ^uroof^ ^^e 
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Other temporary open- Fig. 44. 

mg A • V 

Mr. C&aries Cowper^ r 

IiUc of Messrs. Chance, 
of Birmingham, sup- 
plied for this work the 
two drawings, Figures 
44 and 45. Figure 
44 represents an eleva- / 

tion of a crown-glass j 

furnace with cone com- 
plete ; Figure 45 shows 
the manner in which the / 

flame from the fire en- / 

ters the furnace in the 
centre between the pots, I 

and also the manner 
in which the arch is 
bound together above. 

When a certain weight 
of glass a, Fig. 46, has 
been collected or ga- I 

thered from the pots on / • i 

the end of an iron tube . / I 

6, it is fashioned into a / I 

peculiar form, as shown / \ 

in Fig. 46, on a solid / \ 

plate of cast-iron c, also c rrr:=r = ^ 

called a raarver, al- 
though used for a dif- ^ 

ferent purpose to that F % 

mentioned previously 1 i 

(p. 47). Previous to the / 1 

operation of ^‘marver- / \ \ 

ing,”the workman cools / /f ! \ i 

the iron pipe, which / / Sll LSL LoH \ 

has become heated by / 

betfl^ exposed in the I _ _ _ . . 

melting • furnace, and / I. i I I I _J1J 

this operation might he _i_l I , . - 

done in the following J 

way, as less expensive than that in common use. Fig. 47, a, 
cistern filled with water (by a steam«engine pump) to the under n^P^f 
whirh is fixed an iron pipe b, pierced with a number of small ^^ 
c c, and situated over a tank d, to collect the water, whence 
ran off by a waste-pipe e. . Two small iron supports 
im eacb en#of this tank, sb that the workman, by placing the Ip 
^ bringa it exactly under the shower of water, wni<^ Piu- 
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lates by the cock g. By moving the pipe to and fro, it is cooled so as 

to enable the workman to handle it. 

The marver (Fig. 46) c, is placed 
on rollers for the convenience of mov- 
ing it from place to place as required. 
When the mass of glass has assumed 
the proper form, a boy blows through 
the iron tube, while the workman con- 
tinues to roll the ball upon the mar- 
ver. That part of the glass which 
is attached to the end of the tube, 
and w’hich subsequently becomes the 
rim or outer edges of the sheet, some- 
times, from mismanagement, forms 
a very thick rim, thereby injuring 

the value of the glass 

for sale. Mr. Ewing 
has invented a very 
simple contrivance 
for preventing this 
defect. He applies 
to the back of the 
marver, an instru- 
ment which he calls 
a cutter, as shown in 
1 and 2 (Fig. 48). It 
is made of iron, and 
sharpened by means 
of a file.^ The form 
a is not necessary, as it may be constructed similarly to that shown 
at b. They are attached to the marvys by means of bolts or screws. 


, if 4S1 

"'V"- 

It'' 
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Fig. 48. 


The moulded glass is placed on the cutter at the neck of the piece* 
close to the pipe, while the boy is blowing through the tube, and it is 
thus prevented from thickening at this point. During the subsequent 
re-heating and blowing of the mass, it is kept in a similar position on 
another cutter, 4 (Fig. 48), for the same purpose. 

Mr. Chance proposes to accomplish the same object by attaching 
a bar of soft wood, as that of the pear-tree, to the front side of an 
ordinary marver at c. Fig. 48, 3. On the upper edge of this baj^ 
which is about 6 feet long, 6 inches wide, and 1 inch thick, small 
grooves are cut, 2 inches wide by J inch deep, to receive the neck. 
The bar is allowed to drop below^the marver w^hile the workman fashions 
the mass, but when he commences to blow’, it is raised by a boy, so 
that the neck rests in one of the grooves. This is easily managed by 
making one end of the bar mova- 
ble on an axis, while the other 
rests on a pin which can be re- 
moved at pleasure. 

During the previous operation 
of “ marvering,” the mass of 
glass is fashioned so as to give 
the outer extremity a conical form, 
the extreme end of w^hich be- 
comes the outer axis of the globe 
during the operation of blowing. 

This outer axis is called the bul- 
lion,” and during the expanding 
of the globe, the workman rolls 
this bullion along a straight edge 
or bar, which is called the ‘^bul- 
lion-bar,” as shown in Fig. 49* This continual motion of the glass, 
on the bulllbn-bar, forms more or less waved lines round the centre 


Fie. 49. 



The tliick globe of glass is technically termed the “ piece.’ 
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of the table of glass which injures its quality. The drawing, Fig. 

^ R contrivance of Mr. Hartley for removitig lliii 

abthe|lobe<tf|^bii|ii 

^ Fia. 50 attached, b;f ili tmk 

^ — 6, to the ordinary unii 

tube c; but instead of 
the bullion d restii^ 
on the bullion-bar in 
the ordinary manner, 
it is supported by the 
tube «, on the end of 
which the workman 
causes it to re\olve; 
y* is a shield to protect the boy who aolds the instrument e, from the 
efi*e(*ts of the heated globe. 

The piece of glass, after the above operation, is re-heated in the 
blo\\ing-furn?ce (Fig. 51) at a, and expanded by the workman blow- 
ing through the iron pipe, until it is so far cooled as to require another 

Fie 'll 



“bta^’wldicli is taken at b. When it has been blown to the proper 
is expmed to the heat of the furnace at 
whea tM ansckmaa, resting the pipe on an iron support, during wl^h 
tiiM the aadc remaina cool, causes the glass globe, by a peeultar 
tn«!(iMi of tiw pip«f, to assame the shape shown in Fig. il, 3. This 
laAiMMNwtjMm is tiK&aioidiTtenaed “ bottoming the piece.** S is 
thm whitoydl tO' a Ihitnlitg* 53), where it rests on itb e4g»«n 
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some ground charcoal and cinders, a. Another workman then attaches 
a strong iron rod, with a quantity of melted glass at its end, to the 
centre of the piece, as at b. The blower” now touches the neck of 
the piece at c, with an iron rod previously dipped in water, and by a 
smart blow on the iron tube d, detaches the piece, leaving the neck 
open, as shown in Fig. 52, 4. 

The ‘Apiece” is now removed to the ‘‘flashing” furnace. Figs. 54 
and 55. The thick neck is first heated at the opening a, whence a 
powerful flame is issuing, and which is shown in Fig. 57 more in 
detail. Fuel is placed on the grating J, Fig. 54, for the purpOvSe of 
warming the “piece,” while the necK is heated from the larger fur- 


Fijc. 54. 
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B8ce through an opening a. During the working, the door c is closed, 
SB m Fig. dd« As soon as the neck is sufficiently soft, a boy hisetts 
a flat iron tool through the opening d, to smooth the roughness left in 
the neck by breaking it off as described above. This part of the flash* 
ing^furnace is called the nose hole^ the construction of which Mr. 
Hartley has improved,- by introducing the air above the ignited fuel 
instead of from below; and the dust and injurious vapors are thus 
prevented from entering and destroying the glass, in the ** neck of 
the piece.” 

The “flashing” operation is conducted in the other compartment 
of the furnace, shown in detail in Figs. 54 and 55 at e. 



When the neck has been sufficiently heated at the nose hole, the 
bell-shaped vessel is brought in front of the other (gening e, where it 
receives the full heat of toe flame, and the pipe is then made to re* 
Pjjj jg volve with the greatest possi* 

ble rapidity. The action of 
this rotary motion upon the 
softened glass is easily con* 
ceived. The centrifugal force 
communicates to the particles 
of i^ass a tendency to fly off 
tangent, and to arrange 
tfaemMlves if a ciiealar plane 
pf^dwull^'totfeijpfcof ro* 

the 
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softest part, first expands, and this quickly increases until the whole 
suddenly opens into one sheet of glass. Fig, 56, of about 6 feet in 
diameter, which, with the exception of the central portion, is of nearly 
uniform thickness. It is obvious that a sheet of such dimensions must 
quickly fold together in the soft state, if the rotary motion is not kept 
up. The workman, therefore, continues the rotation after the removal 
of the sheet from the flame of the furnace, until it reaches the anneal- 
ing-oven, where it is placed on a small circular tench, and is detached 
from the rod by means of a pair of strong shears, leaving a mark 
called the “buliion,” or bull’s eye. Fig. 57 shows a workman em- 


Fig. 57. 



ployed in the operation of flashing. Another workman, who has 
charge of the annealing, now raises the table” of glass upon a large 
fork-like instrument, and carries it through the opening a (Fig. 58), 

Fig. 58. 
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while an assistant caiitid^isly lifts the near edge, and brings the table 
into an upright position in the annealing-arch, as shown at ft. The 

tables stand thus on their 
edges, upon two strong pa- 
rallel iron supports, c c 
(Fig. 59), which run the whole 
length of the annealing kiln. 
Fig. 60 shows the fire-places 
</, rf, and e, e, the ash-pits; 
f^ f are the exits for the 
flame and smoke into the 
chimney. 

The glass, after remaining 
in the kiln for a considerable 
time, during which the cooling 
has been carefully regulated, 
is withdrawn, by removing 
the temporary stoppage g, so 
as to enable a workman to go 
inside, and hand out each 
table on the outside to an as- 
sistant. 

It cannot be denied that 
crown-glass, manufactured in 
this manner, and not subject- 
ed to the injurious action of 
the lagers, &c., possesses a very superior lustre and a less undulated 
surface than cylinder-glass ; it can also be made much thinner than 


Fi" CiO. 




Fie. S9. 



the latter kind. But these advantages are counterbalanced by a con- 
siderable waste in cutting it up into panes, which partly arises from 
its circular shape and the thick lump in the middle, or the bulVs-eye^ 
which is seldom applicable to any useful purpose, whilst the flatted 
plates can be used entire. On the continent of Europe, the manufac- 
ture of crown-glass in tables is almost entirely superseded by that of 
cylinder-glass; in England, however, it is still very generally carried 
on, not so much for technical reasons, as on account of the excise 
duty being levied on the weight of glass manufactured, and not upon 
the number of sheets, and more panes can be obtained from the same 
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weight of this variety of crown-glass than from the cylinders, in con- 
sequence of its lesser thickness. 

PLATE-GLASS. 

HistoricaL — An attempt was made in the glass-houses, in Sidon, 
to manufacture mirrors from an opaque black mass of glass, but with 
so little success, that metallic mirrors continued in very general use. 
Mention is first distinctly made of glass mirrors prepared from plates 
coated with lead by the Franciscan Monk, John Peckham, in his 

Perspectiva communis,^^ which appeared in 1279. Glass globes 
filled with lead are said by Porta and Garzoni, to have formed a con- 
siderable article of commerce at Nuremberg in the beginning of the 
16th century. The art of covering plates of glass with tinfoil, was 
also discovered and carried on at Venice in the same century, and 
was introduced from thence into France in 1665, where it was much 
extended by Abraham ThevarFs discovery of the mode of casting 
plates in 1688, and brought to its present state of perfection. Plates 
for mirrors are now made in both ways, by blowing and casting. The 
operation of blowing and flatting glass for mirrors is similar to that 
already described for window-glass, with some slight modifications 
rendered necessary by the greater size of the plates. The casting of 
plate-glass is a perfectly distinct operation. 

The thickness of these plates, which are often ten feet and more in 
length, must of necessity correspond with their extension; and that 
the light may be perfectly reflected from the metallic surface at the 
back, they must be as transparent and colorless as possible. To con- 
form to such important conditions, the composition must consist of the 
purest ingredients, and afford a glass, the surface of which is quite 
unalterable when exposed to the air ; if this is not the case, the plate 
becomes dull, loses its polish, and with this its transparency. 

A good mirror should also reflect an image in its true and natural 
shape, and no distortion must occur, which invariably happens, if 
lumps or waves in the glass produce an irregular reflection of the 
light. The highest degree of purification is also indispensable, so that 
the manufacture of plate-glass is attended with quite as much diffi- 
culty as that of optical glass, and is very much more extensive. 

Composition of Plate-glass , — Although potash imparts much less 
color to the glass than soda, yet the latter is very generally employed 
in this branch of the manufacture, as it communicates a much greater 
degree of fluidity and facilitates both the fining and the casting; this 
will be seen from the following recipes : 

coMPoaiTioir comporitioit compohitiow 

UaSD AT 8T. OOBIM * ACCOKDlKe TO BABTEirAIUB. ACCOROINO TO 8CUULTS8. 

100 lbs. pure sand (from Senlis) 100 lbs. while sand 100 lbs. santl 

35 “ pure salts of soda 60 “ salts of so la 75 *• puriiieil potashes 

* Plate glass manufactory of Paris. The comi>osition used at this manufactory is dif. 
ferently stated elsewhere— thus ; white sand 300 j dry carboiiuteof soda lOU :hiheii lime 
43j cullet 300 
VOL. n. 


G 
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COMPOBITlOir 
U8SD AT S. OOBlir. 

5 lbs. lime (crumbled) 

100 “ broken glass 

discoloriziog matters 


COMPOSITION COMPOSITION 

ACCORDING TO BASTSNATRS. ACCORDING TO BCUULTXS. 

13 lbs. carbonate of lime 33 lbs. lime 
100 broken glass 3 “ common salt 

1 “ perox. manganese 7 nitre 
i ** smalt “ arsenic 

perox. mang. 


The last of these mixtures is an instance of a bad selection of mate- 
rials; it comprises far too much lime and potashes, and so much dis- 
colorizing substance, as could only be called for by very great impurity 
in the ingredients. The most suitable proportions are 7 parts of dry 
carbonate of soda, and 3 parts of lime; or 6 parts of purified calcined 
potashes, and 3 parts of lime to 9 parts of sand,* and to these a mo- 
derate quantity of discolorizing matter is added, and broken glass, in 
proportions varying with the construction of the furnace and its heat- 
ing power. 

In many places the mixture is fritted (in England) ; in others (as 
at St. Gobin, in France), it is composed of such pure materials that it 
can be placed cold in the pot in three separate charges, many work- 
men being employed at once, and the greatest possible expedition 
used to prevent the furnace from cooling. Every furnace is supplied 
with two kinds of fusing pots or crucibles. The one kind is round, 
as represented in Fig. 61, and the other quadrangular, and is called 

the cuvette^ Fig. 62. The 
former are used for melting, 
and must consequently be 
larger than the cuvettes, 
which are intended for fin- 
ing and perfecting the 
glass. In England, pots 
are used from 3 to 6 feet 
high ; they are open at top 
when wood is employed as fuel ; but are covered, as is the case with 
flint-glass, when coal is burnt.f As the cuvette must contain enough 
glass for one casting, and not much more, there are two sizes in use, 
one for the large and the other for small mirrors. During the melting 
of the mixture in the pots, the cuvettes are placed empty in the fur- 
nace; as soon, however, as the whole charge is in a state of fusion, 
the cuvettes are removed by means of tongs fitting into the groove 6, 
Fig. 62, and cleansed from all impurity, and from the residual glass of 
the last operation, by a scraper; they are then replaced upon the sieges, 
and the ladling operation commences. The surface of the metal in 
the pots is skimmed oflT, and the liquid glass is ladled into the adja- 
cent cuvette with a copper ladle, care being taken not to disturb any 
grains of sand or lumps that may have settled down at the bottom of 


Fig. 61. Fig. 62. 



* The proportions here recommended do not correspond with those used at St Gobin, 
where the aUtaii and lime together are to the sand as 40 : 100 in the mixture, and the 
glass produced at that manufactory is of excellent quality. 

t The pots used in England for plate-glass are seldom or never 6 feet high, and are 
open under all circumstances. 
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the pot. Thus, at the very commencement, a kind of double purifi- 
cation is effected: the infusible portion is left untouched, and the glass 
is well mixed by the agitation of ladling. The ladle becomes so hot, 
after having discharged three portions, that it must be placed in water 
and exchanged for another, as there is fear of its being attacked. The 
drawings of a plate-glass furnace exhibit the manner in which the 
fusing pots are arranged, and also how they are inserted and removed. 


Fig. 63. 



Fig. 63 is a horizontal section at the height of the sieges^.to the right 
of X y, and somewhat lower to the left, through the holes for the cuvettes. 
Fig. 64 is a perpendicular section through the line x y. The melt- 


Fig. 64. 



ing-furnace is surrounded by four side furnaces A A Ji used for 
burning and heating the pots, and so arranged that the whole length 
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of the sides with the siege a is left open and free of access. Thns 
the two remaining sides are only accessible by the narrow passages 
B and these are connected with the large apertures h h. These 
apertures are, used for the insertion of the pots c e, and, at the same 
time, for stoking the fire ; for the latter purpose they would be too 
large* and allow too much heat to be lost: they are consequently 
bricked up above, and closed in front by slabs of clay, with the excep- 
tion of the small apertures e e. A grate is indispensable when coal 
is used, but this is not the case when wood is the ordinary fuel. The 
flame travels from the melting furnape, after passing between the 
sieges, and heating the pots cc, and the cuvettes ii, through the flues 
0 0 into the side furnaces j 9. Two rows of holes are left in the free 
sides of the furnace. By means of the upper w orking-holes, m m m, 
the melting-pots arfe accessible for the purposes of ladling; through 
the tw’o lower holes, n w, the cuvettes are inserted or removed upon 
the iron slabs p p, which must consequently be exactly upon the 
same level as the sieges. All the holes can be closed by movable 
plates at pleasure. The draught can be regulated through r r, and 
the ash collects in s s. 

Figs. 65 and 66 represent, in elevation and plan, a novel mode 
of constructing two furnaces abutting each other 
Fiff. 65. within one cone, each furnace having only one 

teaze-hole for the admission of fuel, as seen at t ty 
" Fig. 66. By this arrangemeni, the proportion 

or capacity of each furnace as compared with the 
Fijf. 66. erea of the sieges T Ty is greatly diminished, and 

effects a more powerful concentration of rever- 
berated heat and economy of fuel, which advan- 
tages are further augmented by the application 
of hot air, forced by an engine into the furnace 
below the grate-bars, the ordinary cave at each 
end of the furnace being kept closed.* 

Since the repeal of the excise duty on glass in 
England, the expense of fuel has become an im- 
portant item in its cost, and the first effort on the part of the manufac- 
turer to economize in the consumption of coal by mechanical arrange- 
ments, has originated with Mr. Chance. If 75 per cent, of the w^hole 
fuel thrown into a blast-furnace is lost, we shall not be far from the 
truth in asserting that at the very lowrest estimate upwards of 90 per 
cent, is wasted by the present construction of glass-melting furnaces. 

The followingare Mr. Chance’s arrangements: Fig. 67, is the longi- 
tudioal section ; Fig. 68, a plan in section ; Fig. 69, a plan of the fur- 
naces in horizontal section ; and Fig. 70, a transverse sectio^n of a 
glass- melting furnace constructed according to this plan, a a are 

* This, together with a whole series of improvements in the implements and ma- 
chinery employed in the manufacture of plate-glass, which will be noticed as we pro 
ceeii, has l>eeri lately made the subject of a patent by Messrs. Nicholson and Watlsworth, 
and the English Editors were indebted to the kindness of Mr. Carpmeal, Editor of the 
Repertory of Patent Inventions, for the cuts illustrative of these improvements. 
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two fire-places, one at each end of the general building, and & is a 
bjridge to divide them; 
c c are the arches 
upon which the pots 
rest, with their work- 
ing-holes d d ; e e are 
the usual openings 
by which to get at 
the pots in setting / 

them, &c. ; and//, 
the openings at the 
ends through which 
they are introduced in 
the ordinary manner. 

There are spaces left 
between the arches 

c c, through which Fip. 68. 

the heat and flame 
of the fire pass, and 
play round the pots in 
making their escape 
through the working* 
holes ddjinto a cone 
in the usual way, 

Mr. Chance thus at- 
tempts to bring the 
heat more in contact 
with the pots, as is 
done in a flint-glass furnace, but in a somewhat different manner. 

In the attempts to save fuel, it does appear strange that, after the 

Fig. 69. * Fig. 70. 


I 

i ^ ; 


I 

Striking economical results attending the use of hot air in iron-smelt- 
ing, &c., no one should have applied it to glass-furnaces in England, 
and more especially as it has already been done in Germany wdth a 
saving of 20 per cent. 

G* 
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The melting is generally accomplished in 16 hours, but the fining 
which succeeds the ladling process must be kept up quite as long, 
and extends indeed sometimes to 24 or eren 48 hours before all the 
bubbles are dispersed, and no more alkali is volatilized; or until spe- 
cimens of the glass exhibit in every respect a fit state for casting. 
From this time, the fire must be allowed to decline, that the tempera- 
ture of the glass may fall to the proper degree for casting, and this 
generally requires 3 or 4 hours. 

Casting. — The casting operation takes place in front of the anneal- 
iiig-arch, which is quite distinct from the melting-furnace, and is 
heated by a separate fire. The sole of this arch must be sufficiently 
broad to accommodate all the plates which it is to receive, one by the 
side of the other^ and must be built in such a manner as to form a 
l#el with the surface of the casting-slab or table. Fig. 71. The cast- 


Fii;. 71. 



ing-fllab A composed of bronze, brass, or sometimes of cast-iron, 
is of longer dimensions than the largest plate, namely, from 10 to 15 
feet in length, to half the breadth, and is 6 or 7 inches thick.* (The 
bronze slab at St. Gobin weighs 50,000 lbs., and cost 100,000 francs 
a*.;6^K)0);t the upper surface is true and polished, and moulds thei 
lower surface of the mirror, whilst the upper surface is produced by 


• As this slab is strongly heated on the upper surface during casting, and not on the 
lower, it has a tendency to crack and curve, and this tendency can only be counteracted 
by considerable thickness. 

t We are informed that this slab has now been discarded at St Gobin, and cast-iron 
slabs substituted for it. 
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Fig. 72. 


(he motion of the cylinder 5, and the thickness of the plate (from 4 
to 7 lines) is regulated by that of the strips of metal c c. Thecy lin- 
der is hollow, but thick in metal, and weighs several hundred weights. 
The casting-plate and its appurtenances are fixed upon a car £, which 
moves upon casters r, and is thus capable of being easily placed in 
front of any particular annealing-arch V V. 

Fig. 72 represents a plan of the carriage and wheels on which 
the casting-table of Messrs. Nicholson and 
Wadsworth is supported ; Fig. 73 is a trans- 
verse, and Fig. 74 is an end view of the 
same, with the casting-table In these 
figures, represents a stud or pin, placed 
vertically in a hole in the cross framing of 
the carriage, fitting also into a similar hole 
in the centre of the under side of the table 
as seen in Fig. 73. The stud or pin 
j?', is forced up (as the table expands and 

rises in the process of casting) by a spring J 

coiled round the pin under its shoulder (Fig. ~~ . 

73), and the table is thus kept in its true 

position, or equidistant at each end t)f the carriage. The table is 



Fig. 73. 



supported at the four corners of the carriage by the balls a, a, n, a, 
placed in sockets in each corner of the carriage. The table is thus 
allowed to expand or contract from its 
centre without being bound by the 

frame or brickwork at each end, as is , j 

generally the case, and has conse- . j 

quently a lesser tendency to curve on _ ^ 

the application of heat in the process - * _ _ : - 

of casting. The thickness of the glass, 

which has generally been regulated by strips of iron Fig. 7.5. 

placed on the edges of (he casting-table for the roller to 

pass over, is regulated by an annular hoop, or belt of 

iron, bored and turned to the required thickness, and 

placed round each end of the roller as is seen at a* 

in Figs. 73 & 75. This hoop adheres to the roller by 

its spring or elasticity being divided in a diagonal line, Fig. 75, and 

by this means the unequal thickness of the plates of glass, generally 
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produced by scorise or other extraneous matters lodging between the 
flat strips of iron and the table, is obviated. 

Whilst one set of workmen, previous to casting, are employed in 

warming the casting-slab by sprin- 
I'ip- 76. kling hot coals over it that the glass 

may not be too suddenly cooled, 
others are engaged in removing the 
charged cuvette from the furnace by 
means of a large pair of tongs mova- 
ble upon rollers, and conveying it to 
the casting-slab, where it is trans- 
ferred to another pair of tongs, o o. 
Fig. 71, which fit into the groove and 
is suspended on a crane by means 
■ of the chains 6, and the cross beam i. 

Figs. 76 and 77 represent the 
r elevation and plan of a crane for 

lifting the cuvettes or cisterns from 
which the molten glass is poured 
upon the casting-table. The crane 
is placed at the end of the table, and farthest from the annealing-kiln. 
As th^ molten glass on the cuvette o, which is raised by this crane, 

is distributed across the table before the 
Fig. 77, roller by the vibration of the jib J5, the 

curve produced by this vibration is con- 
verted into a straight line by an addi- 
tional or false jib, sliding bn the 

upper side of the jib B; the position or 

traverse of the false jib is governed 
by a cast-iron guide c, fixed on the per- 
pendicular shaft of the crane in this 
guide there is a slot in w^hich a pulley 
/ travels flatwise, the axis of which is 
ccmnected to the under side of the false jib Figs. 78 & 79, 

show the form and position of this pulley in plan and section. By 
this arrangement the false jib JS* is forced outwards 
Figs 78 St 70. to its greatest extent, when the cistern is suspended 

■ over each, edge of the table, and as the cistern, when 
suspended, is moved across the table ./?, before the 
roller it is kept in a straight line parallel to the 
roller, and distributes the molten glass accordingly. 
The tongs or clasps M Jli, Fig. 77, in which the 
is fixed when required to be lifted, are hung and swivelled 
adless chains passing under four small pulleys, e e, fixed on 
tihe gImMi which chains pass over two larger pulleys, G, fixed at 
each ena of a bar, the centre of which is hooked to the crane-chain, 
Fig. 76. 

Suspended in this manner, by the side of the casting-slab, the 
cuvette is cleansed from all matters attached to the outside, and the 
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inside is skimmed by a copper blade until the surface of the metal 
appears perfectly clear; by turnihg the crane, the cuvette is brought 
perpendicularly over the casting-plate, which in the meantime has 
been rendered perfectly clean, after the removal of the hot coals. By 
#clining the cuvette with the aid of the tongs o (Fig. 71), the glass 
is caused to flow out in front of the cylinder, which, in the same 
moment, is set in motion by the handles u u, attached to the axis. 
In this manner the glass is spread out chiefly in front; it would, how- 
ever, overflow the sides, if this were not prevented by two workmen 
applying the iron pieces x ar, which form a dam at the sides, and 
necessarily precede the course of the roller. Lastly, to preclude the 
possibility of the least impurity contaminating the glass, a workman 
draws the washer covered with cloth, immediately in front of the 
fluid glass; this is first withdrawn from the slab, the excess of glass 
then follows, which pours over the front edge of the plate into a trough 
filled with water, and, lastly, comes the roller, which remains 
tionary in the grooves n n. Whilst the cuvette is carried back to 
the furnace to receive a fresh charge of glass from the ladles, the 
casting is cleared of any redundancy, the thick flange is turned up 
at /, and a rake*shaped iron is applied to it, and by its means the 
plate is forced forward into the annealing-kiln, where it rests upon a 
layer of sand. From the time of removing the glass from the furnace, 
five minutes are only required for this operation, and the casting then 
remains in the annealing-oven from eight to fourteen days. 

Fig. 80. Fig. 81. 



Fig. 80, is a front view; Fig. 81, a longitudinal section; Fig. 
82, a back view; and Fig. 83, a plan of the 
annealing-kilns of Messrs. Nicholson and Wads- 
worth for plate-glass. In these figures, A repre- 
sents the fire-places at each end of the kiln, which 
are sunk so as to admit of the front one, nearest 
the opening JB, being covered by a grating, over which the plate is 
pushed into the kiln ; the aperture into the flue, is shown at c. The 
kilns are sufficiently wide to 4 

admit only one plate in breadth, 
and three or more in length, ac- 
cording to the length of the cast- y \ \ 

ings. The doors of these kilns ^ 

are constructed of wire-gauze, 
similar to that which is used for u 

Davy-lamps, in place of sheet- 

iron slides, by which contrivance 

a more uniform and expeditious reduction of temperature is obtained. 
The bed of the kiln is prepared of cement, laid in a wet state upon a 


Fig. 82. 
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stratum of sand, well rammed down, a space of U inches being left 
between the cement and the walls of the kiln, and wooden pegs are 
inserted in the wet layer, which, when subsequently burnt away, leave 
apertures for the escape of steam until the bed is thoroughly dry. 

If the plate is too soft on being introduced into the annealing-kilAp 
it easily sinks in and becomes w’avy, which change of form involves a 
much greater amount of labor in the subsequent polishing process. 
Even when every precaution is taken, the upper rolled surface is 
always wavy, though smooth and polished, whilst the under surface 
is much ftatter, but rough. 

Mr. Chance has also proposed the following arrangement for an- 


Fig. 84. Fig. 85. 



Fig. 86. 


nealing, in which Figs. 84 and 85 represent transverse and longitu- 
dinal sections of his kiln. Fig. 
86, is a front view, and Fig. 87, 
a plan in section. 

The kiln and shelves are so 
arranged and constructed, that 
the shelves on which the plates 
of glass are placed, may rise and 
fall, and, when required, can be 
run out of the kiln on wheels, a 
is the kiln, and b b its fire-places 
for the purpose of heating. The 
heat and flame rise into the arch, 
and being reverberated, pass out 
. ^ in front at c c. The front of the 

kiln IS made with a large opening, adapted for the passage of the 
carriage and shelves; but when at work, this large opening is closed 
by the doors d, d, except the shaded part c c, Fig, 86. This shaded 
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portion is of course closely luted with bricks and lime when the kiln 
IS cooling down. 

The machinery consists of a rectangular frame e e, with the wheels 
jT y* supported on screws g g. 

This frame is raised or lowered 
by turning the axle or shaft A, 
on which is fixed a screw i, 
which works into, and drives the 
screw-wheel on the axis of 
which is fixed the pinion ky 
which works into, and drives the 
cog-wheels I /, through the cen- 
tre of each of which there is a 
female screw, and the wheels 1 1 
are supported by the bearings 
mm: nn are a series of shelves, 
made of thin stone, or other suit- 
able material, carried by iron 
beams or rafters, supported at 
their ends in guides, but not 
fixed, so that space is allowed them to expand. It is almost unne- 
cessary to say that the shelves must be a convenient distance apart, 
and that the opening c must be arranged with reference to the height 
of the table or bed on which the plate-glass is cast, so as to render 
the transference of the plate of glass into the shelves more easy and 
less liable to accident. 

In working, the highest shelf is brought down to the level of the 
opening c, and the frame is gradually raised as each shelf receives its 
plate, until all are filled, when, the opening c being luted, the kiln is 
allowed gradually to cool. 

Polishing . — As soon as the plates leave the annealing-oven, and 
the prominent parts of the edge have been removed, the workmen 
endeavor, notwithstanding the imperfect transparency of the glass, to 
pick out such sheets as show imperfections, and by cutting them into 
pieces to transpose the faulty parts to the sides of the small pieces; 
this selection being finished, the process of polishing begins. 

In this operation two plates are employed, one of larger dimensions, 
and one 3 or 4 times smaller. The larger plate is imbedded in gyp- 
sum in a perfectly horizontal position upon the grinding-benchy a table 
about 2 feet high, resembling a billiard-table; the smaller plate is 
fixed into the muller, or upper stoney a movable box, made heavy by 
weights, but in such a manner that the plates shall present opposite 
surfaces to each other, that is, a rough (rolled) tow^ards a smooth (from 
the casting-plate) surface.* When all is thus prepared, coarse sand 
and w^ater are applied, and the upper stone is set in motion over Ae 

* Mr. Hartley has proposed the use of a true surface of India rubber as a bed for the 
plates of glass to be polished, which, when warm, adheres sulficiently to the glass, and 
enables it to resist the tendency to shilt its position under the action of the muller. 
Gutta-percha would perhaps answer the same purpose. 


Fig. 87. 
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whole surface, round its axis, and backwards and forward^ at the 
same time, either by the hand or machinery. When the sand hae 
become too fine, the next size or number is applied, (at Neuhaus, in 
the Austrian States, seven kinds of sand, of different degrees of fine- 
ness, are employed,) and this is continued until Xhti grinding is finished, 
1 . e., until the ground plate exhibits a perfectly horizontal and even 
surface. The same process is then repeated with emery (of which 
fifteen kinds are used at Neuhaus), instead of sand, until the plate 


Fig. 88. 



Jbl^ntes smooth as well as even, but is still dull and opaque, and 
Requires polishing to render it transparent. 

Fig. 88 shows an elevation, and Fig. 89 a plan of a number of 

Figs. 89 & 90. 





' . I ! 
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grinding machines employed by Messrs. Nicholson and Wadsworth 
for plate-glass, and similar flat surfaces. 

In these figures d represents the driving shaft passing above the 
machinery, and e, the perpendicular shaft, carrying the crank to 
which the runner or moving surface of glass is attached; the form of 
the arm or crank is seen separate at Fig. 90 ; and in this are a series 
of oblique slots, or openings, for receiving the pin of the runner at 
different distances from the centre of rotation. The relative position 
of the grinding-tabjes will be seen in the plan, Figs. 88 k 89, each 
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table being supported on three or four adjusting screws, as there re- 
presented; in this arrangement of machinery the power is applied 
direct from the crank to the runner, and thus each separate runner 
can be stopped or taken out of gear without interfering with the other, 
by means of the rods and levers d d dy seen at Fig, 88, which con- 
nect or disconnect the lower bevil on the shaft e, by means of a 
clutch-box or friction-hoop, as may be required. The sand, or other 
grinding material (first dried), instead of being distributed by hand, 
as is usually practiced, is placed in a hopper f, which is supported 
on a small arm proceeding from the lower end of the upright shaft e, 
in an opposite direction to that of the crank (as seen in the drawing). 
This hopper, f, is provided with a small tube, from which the sand 
or other material is equally distributed on the surface, to be ground 
or operated upon at each revolution, water being conducted through 
a small pipe attached to the framing of the machine in any convenient 
manner. In grinding plates of glass which are too large for the revo- 
lution of one of the cranks, an intermediate table is placed between 
any two of the cranks driven from the same shaft d, which is con- 
nected by a horizontal bar, in which the runner is placed and removed 
from one point to another, as in the arm of an ordinary grinding m|^ 
chine, shown in the dotted lines at g. Fig. 88. 

Oxide of iron or crocus, also called colcothar (prepared by roasting 
green vitriol and washing), is employed 
for polishing plate-glass. Fig. 91 re- Fig. 9i. 

presents a section of a revolving iron 
cylinder, employed by Messrs. Nicholson 

and Wadsworth for calcining sulphate " ! I 

of iron, for the production of colcothar 
or polishing-powder. To the project- 
ing portion of the axis of the retort a, a 

pulley can be affixed, and by its means . j 

a rotary motion can be given to the ^ 

cylinder, which, at its further extremity, 

turns in a belt P, fixed and secured to the brick- work, and admits of 
the adaptation of a cap with a funnel to conduct the sulphurous gas 
into a chamber or flue at s. This apparatus is also recommended for 
the purpose of drying sand for the glass-mixture. The powdeHis 
rubbed over the plates by means of a muller, or weighted board co- 
vered with woolen cloth. It is obvious that after each of these grind- 
ing or polishing operations, the plates must be reversed, in order that 
both sides may be brought into the same state. In reversing the 
plates, the greatest care is necessary to imbed them in a perfectly 
horizontal manner, that both surfaces may remain parallel. 

Fig. 92, represents a plan. Fig. 93, a side elevation, and Fig. 
94, an end elevation of two polishing-frames, as employed by Messrs. 
Nicholson and Wadsworth, both of which are driven from the same 
headstock Ay motion being imparted from the main shaft 

The alternating movement of the longitudinal bars c, and rubbers 
in these machines, is produced by the cranks o, d; the rubbers, 
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marked d, being carried by transverse arms attached to the longitu* 
dinal bar c, which is supported on friction rollers ¥, at one extremity 
attached to the end of the frame and between two slides, k, or guides, 
at the other, as seen at Figs. 92 and 93. The blocks, or rubbers, 
^are of cast-iron, hollow on the upper side, with a truly-ground 
iffi surface on the under side, over which the felt is passed, and se- 
cured by small bolts to the flanges at each end ; and it is found de- 
sirable to use two folds of felt on the surface of the rubber, by which 

means a better surface is pro- 
Fi«. 94. Fie. 95. duced, less wear experienced In 

I the felt, and less risk of break- 

age when the fresh lap of the 
felt wears through. Four blocks, 
or rubbers, are placed on each 
transverse bar, as seen at Figs. 
93, and 94, which numbers may 
be increased as required, in a 

ratio fn thp a/lhp'-mn of tha orladia fn its th#» 
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being regulated by the size of the plates. The apparatus by whieh 
wC' Adiasted. as r^rds their pressure, will be seep ip,, 
p^iui and seclioahl etevation at figs. 95 and 96, similar to whit ptef - 
PM'-’ present in use^ where ee represents a sliding pin 
S^iioring freely in the lower part of the small cylinder Fisr;9^. 

'fir f e e, while the upper end of the piece e, is pressed ^ 
by rings of vulcanized caoutchouc or gotta percha e, j ' 

which are substituted for the spiral spring generally 
adopted, the amount of pressure being modified by the 
set screw f, placed on the top of each small cylinder. 

Beneath the bar c, is an upright lever n, which moves 
freely on its fulcrum g, at its lower extremity (see Fig. 

93), and passes through a slot, or opening in the bar c, 

at its upper extremity, so that the alternating motion of 

the bar c, vibrates (he lever n, at each traverse. This 

lever is provided with strong springs » n, either of metal or other suit-^ 

able material, one placed on each side, which are alternately com* 

pressed at the end of each traverse of the bar c, thereby preventing 

the bar c, overrunning the driving-crank d, and obviating the back 

lash, so objectionable in ordinary polishing machinery. On the axifi^ 

of the intermediate wheel, between the driving-wheel and those on 

the shafts which carry the cranks d d, is placed a bevil-wheelH, which 

gears into another bevil on the transverse shaft A h. This shaft, A, A, 

18 connected or disconnected by a coupling or clutch-box and friction- 
hoop, to the shaft A*, passing under the frame and traversing-table i 
(fff Fig. 93), the position of the coupling or clutch-box being go- 
verned by the lever A^ Supposing the coupling to be closed, and 
the shafts A and A* connected, the bevels i and (placed on the 
ehaft A*), will convey motion to the two upright shafts t*, on the 
upper end of which are placed two cranks l, as best seen at 
92 on the left-hand side of the headstock a, >vhere the table i, is 
removed for the purpose of showing this improvement. These cranks 
L, receiving a slow revolution, are connected with the under side of 
the table i, by the connecting-rods m, m, so that each revolution of 
the cranks l, l, traverses the table i, in a line at right angles to the 
bar c, the table i, being guided by slides at the edges and traversing 
on planed edges (see Fig. 93), similar to those used in planing ma- 
chinery, and other traverse motions. By this arrangement of machine- 
ry it will he seen that the rubbing traverse of the bar c, being always 
in one direct line while the machine is in motion, and the transverse 
traverse of the table i, always varying in speed according to the posi- 
tion of the revolving cranks l, each point of the surface to be polished 
is brought under the rubbers for a different duration or period of time 
at each traverse of the table i ; or, in other words, the diagonal line 
formed on the surface to be polished by the compound movement 
the bar c, and the table i, is never twice alike in succession, and 
many traverses of the table must take place before the rubier paii^ 
over precisely the same line on the surface to be polished, while every 
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part is submitted to the action of the rubbers, and a more close approxi- 
mation to perfection in a polishing- machine is thus obtained. 

Another modification of this series of improvements is represented 

at Figs. 97 and 98, in which 
the movement of the table i, is 
the same as that already de- 
scribed; but, instead of the 
blocks or rubbers rf, rotary rub- 
bing-surfaces are substituted, 
marked q, which are placed on 
parallel shafts, and receive a 
rotary movement by means of the bevel-wheel d*, driven by similar 
bevels cast on a hollow shaft: (P. Through the centre of the hollow 

shaft is passed a shaft provided 
with a midfeather, or projection, 
which carries the hollow shaft d^, 
in its rotation, at the same time 
that it permits it to slide or tra- 
verse along with the carriage e, e, 
.. e, e, in which the shafts and cir- 

cular rubber q, are supported. 

The rotation of the shaft d^, pro- 
ceeds from the shaft A, below, 
through spur gearing, as seen at Fig. 97; the spur-wheel » AS being 
keyed on the shaft with the midfeather, as already described. To 
produce an opposite rotation on each shaft on which the circular rub- 
bers Q, are placed, the small bevels <P, are reversetkso that^hey keep 
in gear at each part of the traverse of the carriag^Tc, e, e, e, carrying 
the hollow shaft cP, along with the carriage, as seen in the drawing. 
A slow traverse of the rotary rubbers (^, in the carriage e, e, e, e, is 
effected by the lever which moves on its fulcrum at the lower end, 
having its upper end connected with the carriage e, e, e, e. This 
lever eS is connected by the rod to an eccentric, or crank, placed 
on the lower end of the same shaft which carries one of the cranks l, so 
that a slow vibration is imparted to the lever which traverses the 
carriage e, e, e, e, and revolving rubber q, which traverse, in combi- 
nation with the traverse of the table i, as already described, produces 
the varying diagonal line on the surface to be polished, as already 
described in the former polishing-machine. Referring to Fig. 92, the 
dotted lines ar, represent an arrangement for prolonging the shaft which 
carries the crank d, so as to apply a second machine to the same 
headstock a, the crank being at right angles to the crank d, and 
the centre line of the second machine in the direction of the dotted 
line m. By this arrangement the rubbers of both machines can be 
arranged to act together while the transverse traverse of the additional 
table will be gained by connecting it with that of the adjoining ma- 
chine. By this arrangement four polishing-frames would be driven 
from one headstock ; but where only two machines are driven from 
one headstock, as first described, the space between the adjoining 
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pair of machines needs only be sufficient for a man to pass on the one 
side, as represented at Fig. 92, where the outline of a second pair of 
polishing-frames is seen above ; but on the opposite side of each pair 
of machines a space is left sufficient for the removal of the slate-frames 
and similar work, which space serves for two pair of four machines. 
Thus, the machines stand in groups of four, which diminishes the 
labor of the operators in charge of the machines, and enables them to 
examine the work in progress with greater facility than in the arrange- 
ment of machines as ordinarily placed. 

Mr. Bessemer has lately proposed a new method of casting plate- 
glass in sheets, by pouring the glass in the melted state directly from 
the pots between two rollers, placed at a certain distance from each 
other, so as to ensure a uniform thickness throughout. The pot-fur- 
nace and machinery for this process are entirely novel and very dif- 
ferent from those in common use, and as the invention is likely to be 
carried out in practice, a notice of the most important parts of his patent 
will not here be out of place. The furnace employed is a reverbera- 
tory furnace. Fig. 99, with a low arch and descending flue d. The 


Fig 99. 



flame proceeding from the grate a, plays upon the surface of the ma- 
terials in the pot e, in the fire-space 6. The arch is formed at that 
part which is most exposed to the heat, and the alkaline vapors from 
the mixture, of hollow bricks c c c, over w-hich a draught of cold air 
is caused to play, by connecting the space above the furnace wdth the 
ascending main chimney. The object of this cooling, which is of 
course attended with a loss of heat, is to prevent tears, consisting of 
the fusible product of the action of the alkaline vapors upon the ingre- 
dients of the bricks, from forming on the arch, and falling into the 
glass during fusion. The pot e, is of very large dimensions, as large 
indeed at the lip on the one side as the width of the plates, which it 
is proposed to cast with it. It is set upon a siege composed of large 
masses of fire-stone, and these are cemented together, as well as the 
pot upon them, by some bottle-glass, which, in the fused state, enters 
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the crevices binds the whole firmly together upon the strong- 
ribbed cast-iron frame g. 

This frame moves upon four wheels A, upon a railway tt>, which 
extends beyond the furnhce to the rolling-machinery, to be described 

immediately. Thus, 
Fig. 100. pot, siege, and frame 

are all wheeled in and 
out of the furnace at 
once, as will be seen 
by reference to the 
section, Fig. 100, 
w^here j j represent 
the hollow bricks, or 
masses of stone, by 
the removal of which 
a free ingress and 
egress is allowed the 
w4iole carriage on the 
continuation of the 
rail w. The pot and 
carriage fill the en- 
tire recess of the furnace, and the flame playing upon the top does 
not much affect the iron frame of the carriage through the bad con- 
ducting stones which form the bed of the pot. Fig. 101 is a longitu- 
dinal section through the middle of the frame-work and machinery, 
by means of which the pot and siege are raised, and the melted glass 
poured out between the rollers o, P, These rollers can be removed 
to a greater or lesser distance from each other, and thus the thickness 
of the glass to be rolled can be regulated. The axis of the roller P, 



Fig. 101. 
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has a large bevel-wheel s, on the outside of the framing, which is 
driven by a pinion on the end of an upright shaft which proceeds 
from below the floor, and is driven by an underlying shaft from a, 
steam-engine, or other motive power. The siege and pot with the 
melted glass, being removed from the furnace on the railway tffj is 
fixed upon the continuation of the railway A, w^hich forms part of the 
tilting-frarae e /c n. This tilting-frame occupies nearly the whole of 
the space between the outer framing, which supports the rollers, and 
can be raised through a segment of a circle by means of the rack- 
work e, and the pinion m, upon the centre n. The rollers, whilst 
employed in rolling the glass, are kept cool by a current of water 
passing through them from a pipe which works in a stuffing box, so 
as not to impede the revolution of the rollers. A strong curved plate 
j, extends the entire width between the outer frames, fitting closely 
to the roller o, and is secured to the frames by lugs; on this plate the 
sheet of hot glass, as it issues from between the rollers, slides down 
to a flat table r. The roller P, is furnished with a rib throughout its 
whole length, which cuts the sheets of glass, as they pass through, 
into lengths. In a subsequent specification the inventor appends two 
other finishing-rollers to the machinery; and these are situated rather 
below the tw’o forming-rollers^ and, being placed rather closer together 
with an accelerated motion, they render the glass more smooth and 
flat. A fluted or checkered surface can also be given to the sheet by 
means of either pair of rollers ; and it is found desirable to indent or 
roughen the forming-rollers, that they may gain more hold upon the 
glass, and not be subject to revolve without taking the glass w’ith 
them. The checkered surface of the sheets facilitates also the sub- 
sequent polishing process, by retaining the grains of sand or emery 
for a longer period in contact with the sheet. 

Bessemer proposes to heat the annealing-kilns for all kinds of glass, 
by a current of hot air obtained from a chamber situated between the 
furnace where the glass is melted, and the chimney, this chamber 
being filled with cast-iron pipes, through which the air is caused to 
pass by suitable blow ing-machines, and is conducted from these pipes 
to the annealing-kilns. A saving of fuel is thus effected, the articles 
to be annealed are not subject to injury from the dust and products of 
combustion of the fuel, and the heat is more easily regulated by a 
proportionate admission or exclusion of hot air. 

The method of polishing proposed by the same inventor, consists 
in laying the plate of glass upon a slab of slate, placed perfectly hori- 
zontal upon a bed of brick-work, and causing an endless belt, or strap, 
composed of gutta percha, and covered with felt and polishing mate- 
rial, to pass in contact rapidly over the surface of the glass, and to 
traverse slowly across it in a* direction at right angles to the line in 
which the belt moves over the drums that impel it. The belt is of 
the same length as the sheet to be polished, and is pressed upon the 
entire surface of the glass by a number of small rollers, which rest 
their whole weight upon it. The whole length of the sheet of glass 
is thus rubbed at once by the belt, and the slow transverse motion of 
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the belt, this latter not being necessarily of the same -width as the 
sheet, brings in succession every portion of the sheet in contact with 
the polishing-surface. The continuous action in one direction of the 
strap, renders it unnecessary to cement the glass to the table, as one 
end of the plate being kept in contact with a raised rib or stop let 
into the table, effectually prevents it from shifting its position. 

The more a mirror-plate is injured by the operation of placing it in 
the annealing-kiln, and the more wavy its rolled surface, the greater 
is the difficulty of grinding and polishing it. With a view to obviate 
these two evils, an attempt has been recently made to press the plates 
between two metallic slabs, without the use of a cylinder, and the 
soles of the annealing-kiln have been constructed in a circular form, 
perfectly even, however, and capable of revolving; as soon as a plate 
has been introduced at the mouth of the kiln, it can, by this means, 
be set on one side by simply turning the sole of the kiln, and thus 
room allowed for the insertion of another plate. In this case, the 
plates must be removed from the kiln in the same order in which they 
were inserted. 

By means of a steam hammer, hydraulic press, or rollers arranged 
between two furnaces, the one of which is similar to those used for 
flattening glass, and the other to an annealing-kiln, small plates of 
plate-glass can be subjected to compression, so as to increase their 
area, and flute or checker them on the surface. 

The amount of time and labor expended during the polishing of 
plate-glass, may be estimated from the fact that the plates are reduced 
one-third, or even sometimes one-half in thickness. As the faults 
are only made apparent by the polishing, and the internal structure 
and purity of the glass are then first seen ; a second very careful selec- 
tion is now made of the plates, and such as must be cut up into 
smaller plates, or re-polished, are separated, whilst the others are 
now ready to be silvered or coated with amalgam. 

This operation is commenced by spreading a leaf of tin foil, which 
must be of somewhat larger dimensions than the plate to be silvered, 
upon the silvering-table and brushing mercury over it. When the me- 
tallic surface is uniformly covered, a small quantity of quicksilver is 
added, so that it attains a height of two or three lines ; the gray coat- 
ing of oxide is then removed wdth a wooden rod, and a brilliant sur- 
face produced. The plate of glass may now be placed upon it ; if 
this, however, were allowed to dropdowm in a perpendicular manner, 
dust and air would certainly be enclosed between it and the metal ; 
for this reason, the plate is pushed slowly forward from the side, with 
the longest edge foremost, and this must always dip below the surface 
of the mercury. The pure metal alone is thus brought into contact 
with the glass, and a brilliant surface is produced. The plate is now 
floating on a bed of quicksilver, at the bottom of which lies the amal- 
gamated sheet of tin foil. When, therefore, the mirror is loaded with 
weights, and the table is inclined at an angle of 10° or 12°, the excess 
of quicksilver flows aw'ay. The removal of the last portions of quick- 
silver, and the drying of the amalgam, is effected by placing the plate 
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in an upright position. Three or four weeks are requisite for com- 
pleting the coating upon a large mirror. 

The operation of coating glass with mercury is attended with serious 
detriment to the health of the workmen from the vapors of the mer- 
cury; it also requires very considerable time for completion, and is 
subject to frequent miscarriage. The plates often break under the 
pressure of the weights with which it is necessary to load them; drops 
of mercury sometimes flow down and carry the amalgam with them, 
when the silvered mirrors stand on end, giving rise to curved streaks 
(worms), and the amalgam is liable to spoil by crystallization or car- 
riage. The process for silvering mirrors, proposed by Drayton, and 
tested by Faraday and Warington, is free from all these defects. The 
silvering fluid is obtained by mixing ammonia with nitrate of silver, 
filtering the mixture and adding to it an alcoholic solution of oil of 
cassia.* This fluid has the property of depositing bright metallic 
silver, on the addition of the reducing- liquid^ which consists of a solu- 
tion of I part oil of cloves {oL caryophyllorum) in 3 parts alcohol. f In 
order to silver a mirror by this process, a perfectly clean plate of glass 
is surrounded by a rim of putty, and a layer of silvering fluid, one 
or two lines in depth, is poured upon it. As soon as the solution of 

011 of cloves is added, a film of brilliant metallic silver attaches itself 
firmly to the surface of the glass, and this takes place with a rapidity 
proportioned to the quantity of the solution that is used. The coating 
succeeds best when the reduction proceeds slowly, and is produced 
by a very lew drops of the solution ; from 6 to 12 drops are sufficient 
to cause the precipitation of 4^ ounces of the solution of silver, and 
the film of metal is so thin that a square foot of it only weighs from 

12 to 18 grains; in fact, the value of the silver covering a surface of 

10 by 5 feet, varying from to ^ thickness, does 

not exceed from 7 to 10 shillings. It is obvious that the principle of 
the process consists in deoxidizing the oxide of silver by means of the 
volatile oil, and this is effected without any evolution of gas which 
might destroy the continuity of the metallic surface. The nitric acid 
remains in combination wdth the ammonia. 

Notwithstanding the apparent advantages of this process, it has not 
been carried out extensively by the manufacturers of mirrors into 
whose hands the process has been transferred, and this is probably 
due to the difficulty of obtaining a perfectly clear, unspotted surface 
of any considerable extent. It is also probable that the darker color 
of the coating is considered a disadvantage by the public. 


LEAD OR FLINT-GLASS (cRYSTAL). 

The discovery of lead-glass is of English origin, and its production 
arose from very different reasons from those wdiich render it at present 

• One ounce of nitrate of silver, 3 ounces of alcohol of S7 per cent., and 20 to 30 drops 
of oil of cassia, form the mixture. ^ 

t Formic or aldehydic acid might perhaps be conveniently substituted for this mixture. 



MitextenaiTe « itrandi <rf inaaufiictofe. It was irtcessaisy} i« tiwn^ 
coal as fuel, in the manufacture of white gla^, to protert th* 
ftota the smdce and soot of the flame, which colored the rhjs 

was the origin of the use of covered pots, which very much impMe 
the fufiiotii as compared with the open pots that are employed in fur* 
naceSy heated by the smokeless flame of dried w<^. An attempt 
was, therefore, made to render the mixture of ingredients more readily 
fusible; if this, however, had been effected by the use of a larger 
quantity of alkali, the glass would be too easily decomposeil, and re- 
course was consequently had to oxide of lead; the result soon showed 
the remarkable properties exhibited by glass thus prepared with refer- 
ence to light. Lead-glass has since been made in consequence of its 
high refractive power, and the process for preparing it was soon in- 
troduced into other countries. 


FLINT* GLASS, OR CRYSTAL. 

Lead-glass is peculiarly adapted for articles of luxury, such as 
goblets, chandeliers, decanters, &c., from the ease with which it is 
ground or cut, from its brilliant lustre, high refracting power and 
perfect freedom from color. The mass which is used for this purpose 
is calledf in a more limited sense of the word, crystal (from its resem- 
blance to rock crystal), and it excels the Bohemian grinding-glass 
(crown-glass) with reference to refractive power and easy fusibility, 
although (he latter is harder and more completely colorless. When 
once the nature of lead-glass was known, it was easy to establish the 
proportions essential to its good quality. Silicate of lead communi- 
cates a distinct yellow color to glass when it preponderates over the 
alkaline silicate in the composition beyond a certain limit ; and the 
peculiar bluish-green tint of silicate of soda becomes much more pro- 
minent in the combination as it exists in lead-glass. As nearly all 
the articles composed of flint-glass, or crystal, require to be ground, 
in order to exhibit their greatest brilliancy, they must be constructed 
in a very massive form ; there is consequently more necessity for avoid- 
ing all sources of color, and for preparing the glass from oxide of lead, 
potash, and silica alone, observing, at the same time, certain limits 
in the proportions of these ingredients. From the analysis cited at 
page 25, it will be seen that the composition of crystal (after deduct- 
the extraneous constituents) may be expressed by the folloiring 
formulae : 

I. Ka0,2Si03+2(Pb0,2Si03). 

IL 3(K0,3Si03)-f4(Pb0,3Si03). 

HI. 2(K0,2Si03)-f3(Pb0,2Si03). 

IV. 3(K0,2Si03)+3(Pb0,2Si03). 

V. K0,2Si03.t-Pb0,2Si03. 


* Sq called because flint was first employed in tbe manufacture as the source of silica. 
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«ftse,M(^erelbre, triple siUeates^are the proximate cc»«titBent« 
o£ the gian; in the others, double silicates. « 

I^he mixture is composed of sand perfectly free from iron, pare 
minium, and purified potashes, in the proportions of about 3:2:1; 
more silica, however, is employed when the composition is fused in 
open pots, with wood fuel, and vice versa, i, e. 

WITH COAL AS FUEL. WITH WOOD AS FUEL. 

ACCORDIHG TO BASTKKAIRK. 

Sand, washed and calcined - - 100 lbs. - - - 100 lbs. 

Minium - - - - • - - - 70 “ . - - 45 « 

Purified potashes 30 - - - 35 ‘‘ 

Gullet, or broken glass. 

In addition to these, saltpetre or arsenic is used as a discolorizing 
material. Common peroxide of manganese, varying in its nature, 
sometimes produces an amethystine color in the glass, and is always 
injurious from the iron which it contains ; this has induced manufac- 
turers to employ only the very purest pyrolusite or purified peroxide, 
on the composition of which they can depend. The minium affords 
the oxide of lead to the glass, and exerts, at the same time, a dis- 
colorizing action, by parting with oxygen at a red heat, previous to 
the fusion of the glass, and thus destroying much brown empyreu- 
matic matter contained in the potashes. With a like object in view, 
10 to 20 per cent, of the potashes is often replaced by saltpetre, when 
the price admits of its application; this salt is at once a pure and a 
purifying material. 

The fusion occupies six or eight hours, and the fining, which is 
very much facilitated by the easy fusibility and the purity of the ma- 
terials, requires about the same time.* This process is frequently 
carried on in two separate vessels on the Continent of Europe, as was 
the case with plate-glass ; the melted metal is then scooped or ladled 
from the fusing-pots into the clearing-vessels. The superior quality 
of the glass is thus obtained at considerable cost of fuel ; to melt 8 
cwts. of glass in the ordinary manner, 40 cwts. of wood are necessary ; 
when the ladling process is carried out, 59 cwts. are consumed. 

During w^orking, the glass must be protected from the smoke of 
the furnace, and iron must not be brought into contact with it, as it 
otherwise infallibly becomes of a dark-brown color. Iron is dissolved 
by the glass, taking the place of the lead, which separates as metal 
in the most minute state of division; the color is therefore produced 
by both, by the iron dissolved, and by the precipitated metal; the 
solid particles of soot also blacken the glass by attaching themselves 
firmly to its surface; to prevent these effects, the re-heating is carried 
on under the protection of the pot-covering or hood, shown in Fig. 3, 
page 36, and the metal is not exposed to the flame of the furnace. 

• In England it is customary to begin the “ fouml” on Friday nighty and the glass is 
then fine and fit to work on Monday morning, when tlie men begin to work, and con- 
tinue till Friday aUemoon. The goods made on Thursday and Friday are generally of 
inferior quality to those made in the earlier part of the week. 
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The construction of furnaces and melting-pots in manufacturing 
flint-glass, are somewhat different from those employed in the other 
descriptions of glass. Fig. 102, is a ground plan of the melting-fur- 


Fig. 102. 




nace; C C C are the post, which are situated at equal distances be- 
tween the pillars or piers E jB, which support the exterior dome, a a 
are the openings in two of the piers for charging with fuel. Fig. 103, 
is designed to show how the beat is carried round the pot in its exit 
from the furnace. The pots are covered with a hood-shaped top, as 
shown in Fig. 3, page 36, and these fit the working holes of the fur- 
nace, so that the smoke and heat cannot escape in the same way as 
in the usual glass-furnaces ; a is the pot with the top 6 ; c is the roof 
of the furnace; d, the “siege” on which the pots are placed; and e e 
a flue, low down, which passes between the furnace and the cone till 
it reaches a point fj where it enters the cone itself; g is a front view 
of the pot and arch of the cone, which allows the workman to approach 
the opening in the furnace, against which the mouth of the pot is 
placed ; A, is an opening direct from the outside into the flue for the 
purpose of keeping it clean. Fig. 104 is a general view of the melt- 
ing-furnace, cone, and working-holes. 

It consists of two domes A B one within the other, of which 
the interior one is flat, and the exterior of considerable altitude, ter- 
minating in a high chimney. The only connection between the 
domes is by the flues G G, which are situated one on each side of 
the crucibles, so that they receive the whole body of the flame as it 
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passes from the fire-place to the eicterior dome, and thence to the 
chimney. 

Flint-glass is either ^med by simple blowing with the pipe; by 
blowing in moulds, or by moulds 
alone, in every case the form 
can be improved — as is gene- 
rally done — by grinding, &c. 

The moulds are carefully con- 
structed of brass or iron, and 
are somewhat wider at the up- 
per part, when of simple con- 
struction, that the pieces may 
be easily removed, or are com- 
posed of more than one piece 
when projecting parts are to be 
moulded. A mould of the latter 
description is represented in Fig. 

105, intended fora decanter; a 
section of the mould is showm 
in Fig. 106. The bottom e, and 
the sides a, of the body, form 
the lower and larger part of the 
mould, and are held together by 
the screws 6 6 ; the upper smaller 
part consists of two halves, 
meeting in the line z z, which 
open after the fashion of a pair 
of tongs when turned upon the 
hinge d. That they may not 
be extended more than is neces- 
sary, the tw’o wings are impeded 
by the plugs o, fixed to the ring t. 

The workman introduces the 
glass globe g, attached to the 
pipe, into th^ body of the mould, 
the neck portion being thrown open, and blows with great force into 
the globe, as soon as the neck portion has been closed by an attend- 
ant, and fixed by the screw m (the female screw belonging to which 
projects at n). The glass is now forced, by the pressure, against the 
sides of the mould, and extends in the form of a cap at g, above the 
margin, where the pipe is detached in the direction of x x. The 
cylinder A, and another similar one, more at the back, are intended 
for the i«sertion of wooden handles. 

[The folding together of the parts of a mould for glass, necessarily 
leaves what is called a mould-mark on that part of the glass against 
which the joint comes; and when the part thus marked is horizontal 
the eye very readily detects the line. Thus the flat foot of a wine- 
glass, or other goblet-shaped glass, when moulded with an opening 
or divided mould, exhibits distinct lines on the upper surface of the 

VOI.. Tl T 





98 


FLlNT-GL4S»«-*]|0tILD8. 
Fig. 104. 



foot. In order to remedy this defect, and at the same time to cast 
the body of the glass in an undivided mould, Mr. Joseph Magoun, of 
Massachusetts, in 1847 invented an ingenious form of mould which 
is represented in vertical and longitudinal section in Fig. 107, where 
A represents the core of the foot of the glass first cast in a cylindrical 
or cup-shaped form, to be afterwards opened out in the form of a disc. 
B is one*half of the shell which surrounds and forms the shank, X, 
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of the glass; D is the hinge connecting the two parts of the shell 
together. E is one of two handles which serve to turn the two parts 
of the diell round the hinge D, when the glass is to be taken out,^ 


Fig. 107. 



after being pressed. G is a cylinder of metal having a central por- 
tion excavated to form the body of the wine-glass, and a hole quite 
through the lower part, by which the shank, and cylindrical bottom 
may be driven up and removed, thus dispensing with any opening 
in that part of the mould which forms the body, and of course not 
leaving any mould marks on that part of the glass, is a cylindrical 
seat for the foot core Jlj and this seat is attached to the caraplate /, 
which is capable of receiving a horizbntal movement by means of a 
handle 0. i' is a cam on the camplate /, and K a corresponding 
counter-cam which, by the horizontal movement of /, elevates or 
depresses j3. a b represent the lower part of the body of the glass 
while in the mould ; c rf, the cylindrical or cup-shaped bottom. Y is 
a section of the whole shank and cup-shaped bottom, the latter to be 
opened into a disc, by heating at the work-hole of the furnace, and 
expanding in the usual mode of working, w^hereby the mould marks 
are obliterated and the glass brought into the required shape. The 
purpose of elevating and depressing is to detach the core from the 
glass after it is pressed, and thereby to enable it to be drawn up 
through the undivided part of the mould G. H is the core which is 
forced dowmwards to form the main or upper cavity of the wine-glass ; 
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and G is a top ring through which H works, and which rests on the 
top of the undivided mould G. 

^ In 1848 Mr, Magioun invented and patented another press-mould 
intended more particularly for tumblers, and similar articles, in which 

it is desirable to produce inden- 
Fig. 108. tations or cavities, a, a, b. Fig. 

108, and which, if produced by 
the projecting parts of an undi- 
vided mould, would entirely pre- 
vent the drawing out of the 
finished article, as it is evident 
that the prominent parts x y, 
could not pass out by the pro- 
jections a and h of the mould. 

To effect this purpose he con- 
structs his mould as seen in ver- 
tical section in Fig. 109, where 
L represents the main core form- 
ing the interior of the tumbler; 
K, the ring which directs the 
movement of the core; g, g, is 
a ring having a handle e, by 
means of which a partial revolution in a horizontal direction may be 
given to it, by which the cam f, on its lower side, may be made to 

Fig. 109. 


./ 



) 



act in the groove d, of the gliding square pistons B, D, by which they 
are thrown inward towardsube core L, when the glass is being press- 
ed and drawn outwards, when the tumbler is to be removed. / is a 
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cylindrical piston projecting upwards a short distance info the bottom 
of the tumbler, forming a smooth cavity therein, and intended to ele- 
vate the finished article so that it can easily be withdrawn by the top. 
This elevation of /takes place by means of a partial revolution given 
to the bottom plate P, carrying round cams m and n, which, acting 
on tongues t, raise / high enough to force out the tumbler.] 

Massive pieces, such as plates, are formed by pouring melted glass 
between two plates of metal composing the mould, and the excess of 
glass is squeezed out from the crevices, by applying weights to the 
mould. 

All articles of flint-glass, whether blown or moulded, require an- 
nealing previous to cutting or grinding, and as they are frequently 
constructed of very different thickness, two kilns, which can be heat- 
ed to different temperatures, are requisite; the larger and thicker 
pieces require that the kiln should be much hotter than is necessary 


Fig. 110. 



Fig. in. 
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for thinner pieces. These kilns are long, low buildings, arched over 
on the top, as shown in Figs. 110 and 111, the fire-place is shown at 
the side. The various articles are all placed on sheet-iron trays, Fig. 
112. These trays are put into the kiln, through the opening in front. 



and are all connected together by hooks, by which means they can be 
moved by a chain, worked by windlass or similar machinery, to the 
further end of the kiln, and are thus gradually withdrawn from the 
hottest part, and, having arrived at the further extremity, are removed 
at a temperature little above that of the atmosphere. 

Moulded glass never exhibits its full amount of lustre, nor even 
the degree of sharpness of the metallic mould ; the glass, which is 
never limpid in its liquid state, is first cooled by contact with the 
metallic surface, and is thus prevented penetrating into the sharp 
corners of the mould, nor does it even accommodate itself perfectly 
to the flat sides. For this reason, the surface of moulded glass is not 
even, but always more or less curved, and the edges are not sharp ; 
these properties are more marked in Bohemian, and less in flint-glass. 
Moulded pieces can consequently never be compared with cut glass; 
but the use of moulds as a preparatory step to grinding, is of great 
advantage to the grinder, as the vessel acquires a perfectly regular 
form> and, although in a crude state, presents all the prominent and 
receding focets to be perfected at the lathe. 

The ordinary utensils used in grinding or cutting glass, are discs 
of iron, sandstone, or copper, wfhich revolve in a kind of lathe^ (Fig. 
113); their edges, w'hich are sharp, angular, or rounded, are supplied 
with sand for rough grindings and with emery for fine grinding. 
Similar discs of tin, wood, or cork, used with pumice-stone or colco- 
thar, are employed for polishing the glass. It is obvious that not only 
discs with very different edges will be required, but also discs of very 
diflerent dimensions, from 8 to 10 inches in diameter to f of an 
inch in thickness). For inscribing initials, coats of arms, designs, 
&c., discs of copper of the size of a halfpenny are employed, with oil 
and emery; the finest incisions are made with copper pencils, either 
pointed or ending in a button or small disc. The mode in which 
these are applied will be evident by reference to the wood-cut Fig. 
114. The hard grains of the polishing material penetrate the mass 
of the soft metal during the process, and form a species of file, w^hich, 
in revolving, cuts into the softer glass. 

The removal of the oppressive excise laws, in England, has given 
etimiilns to the glsss trsdc, and among many 
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Fig. 113. 



\ 

novel applications, none recommends itself so much as the manufac- 
ture of pipes or tubes. We may refer to a cheap process which 
Messrs. Chapman and Gray have proposed for this purpose. Another 
proposal, patented, in England, by Mr. Roe, also deserves some 
notice in this place. 

Fig. 115, 1, represents a general view of Mr. Roe’s apparatus, and 
Fig. 115, 2, a front view of the same. is a vessel constructed of clay, 
through which a tubular metal mandril (showm in section at 3) passes 
from back to front, the back orifice being fitted close round it. The 
front orifice a is left open, while the mandril is so supported by suit- 
able bearings at the back, that it occupies the centre without touch- 
ing the sides, and leaves a space for the liquid glass to flow round it. 
The mandril is made a little smaller in diameter than the bore of the 
♦nK« int^nd^tf) to hp manufactured* while the periphery of the front 
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FiK. 114. 



orifice a should be equal to the desired thickness of the tube. The 
mandril is made hollow, to allow a current of air to pass through, 


Fig. 115. 



drii^en by machinery applied at the end marked h. d d\s m tubular 
mould, consisting of two pieces connected by hinges, so as to be 
closed or opened at pleasure. ^ is a tubular rod by means of which 
the pipe is drawn, which terminates at the inner end in an elongated 
cup e, and has a disc attached to it a little behind the cup. The disc 
is of the diameter of the intended tube of glass. 

The vessel A is filled with fluid glass, which is preserved in this 
state by an air-hydrogen jet blowing upon it. The cup end s, of the 
tubular rod/, having been previously heated, so as to cause the glass 
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to adhere to it, is then introduced into the orifice a, Fig. 115, 2. The 
rod is now drawn forward with a rotatory motion, by which the glass is 
carried into the mould d d, which, when filled, is immediately closed. 
The workman at the same time shuts the outer and open end h of the 
tubular rod by means of a suitable valve, causing the current of air 
passing through the mandril b c suddenly to accumulate in the inte- 
rior, and the glass to assume the shape of the mould. The glass tube 
is then detached from the rod and mandril, and annealed in the ordi- 
nary way. 

Fig. 115, 4, shows the exterior of the iron tube fy ribbed obliquely 
for the purpose of forming a sort of male and female thread in the 
glass tube. 

A full account of this application of glass, and the means of con- 
necting different lengths of tubing, are described in the Inventor’s 
Specification in the “ Repertory of Arts.” The above extract is suf- 
ficient to convey a general idea of the nature of this invention. 

Messrs. Coathupe, of Bristol, England, are now manufacturing tubes 
of very large dimensions for conveying water or corrosive liquids, gas, 
&.C., and for other ornamental purposes. These tubes are drawn in the 
usual manner. They may be obtained 15 feet long, and have any 
bore not exceding 1 J inches, with a thickness of about ^ inch. Tubes 
of about 3 inches bore are the largest that have yet been made for 
ordinary purposes, and these seldom exceed from 5 to 6 feet in length, 
weighing from 26 — 28 oz. per foot. When but little internal pres- 
sure is to be exerted upon a series of these tubes, they may be con- 
nected by gutta percha or vulcanized India-rubber joints. It is also 
proposed to join them by collars of serai-fused clay and ground glass. 
The ends of the tubes about to be united are overlapped with a strip 
of canvas, covered with adhesive cement. A clay collar is placed 
centrally over the junction, and the ends of the collar being luted with 
clay, the cement is poured in through two holes in the collar, left ex- 
pressly for the purpose, until the whole cavity is filled. 

OF GLASS FOE OPTICAL PURPOSES. 

The application of glasses to microscopes, telescopes, cameras, &c., 
arises from the power which they possess of refracting light, or turn- 
ing it aside from its original direction; the property of decomposing 
%hite light and giving rise to color is much opposed to this applica- 
tion of glass, as in the place of a single colorless image, several color- 
ed images are obtained from an ordinary glass lens. An instrument 
constructed with lead-glass lenses produces, therefore, an image of 
the heavenly bodies, or of microscopic objects with a colored margin, 
and thus precludes the possibility of accurate observation. It is for- 
tunate, however, that glasses of different composition possess these 
tw’o properties in a very different degree; lead-glass, for instance, de- 
composes light in a much more marked manner, as compared with its 
refracting power, than crown-glass, which cont^s no lead. When, 
therefore, a concave lens of lead-glass, and a *nvex lens of crown- 
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glass are combined in the manner represented in Fig. 116, their re« 
spective effects upon light will compensate each other in consequence 
of the form of the compound lens; the degree of curvature can also 

be easily calculated and communicated 
to the lens, by which the chromatic 
effect of the glass is completely de- 
stroyed, without impairing the refract- 
ive power to any great extent. 9l 
compound lens of this kind is conse- 
-- — = — quently called achromatic^ and pro- 
duces a colorless image, which is not 
situated in the focus of the flint-glass lens at /?, but is somewhat re- 
moved from it at m. In the construction of optical glasses, two dif- 
ferent masses are therefore requisite, the one consisting of flinUglass^ 
the other of crown-glass. 

Difficulty attending the Production of Optical Glass. — The difficul- 
ties attending the production of flint-glass lenses are very great, as, 
to avoid the use of very imperfect reflectors, astronomers require them 
of several feet in diameter, and large masses of metal are much more 
subject to imperfections. Impressed with the importance of the sub- 
ject, the Society of Arts of London appointed a commission in the 
year 1824, to investigate the cause of the difficulties, and endeavor to 
discover a sure method of preparing flint-glass lenses. Faraday (at 
the head of the commission) drew up a report, supported by a long 
series of experiments, in which the latter point in question was only 
partially answered, wffiile the former was solved in a sound and in- 
teresting manner. According to Faraday, the ordinary defects in 
flint-glass, arise either from a kind of devitrification, which, however, 
seldom occurs, and can easily be prevented in all varieties of lead- 
glass ; or they are produced by bubbles and stria', which it is very 
difficult to avoid. The injurious effect of the bubbles is less promi- 
nent than would at first sight appear, few only are left when care is 
taken, and those few are of very small size. The rays of light which 
fall upon the glass, in passing from the denser medium (glass) into 
the less dense (gas in the bubbles), undergo divergence, or the con- 
trary effect to that required in a glass lens ; so that, the portion of the 
surface of the lens under which these bubbles are situated, may be 
looked upon as opaque, and without action. The striae are of much 
more general occurrence, and are more difficult to avoid ; they pro^ 
duce, by their different densities, a want of uniformity in the refract- 
ive power of the glass in different parts of the mass. This cause 
of variation, though not always perceptible to the eye, is present 
wherever a denser layer of glass comes in contact with one of less 
dense matter, and a streak is produced. Inasmuch as the form and 
curve of a lens can only accomplish the purposes for which it is in- 
tended, when the density of the vitreous mass is uniform throughout, 
striae of this kind must necessarily occasion distorted images, and 
want of clearness. J[he cause of this defect is not difficult of detec- 
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tian. The constitucints of the mixtore do not melt all st one moment 
into a uniform mass of fluid glass, but the easily -fusible oxide of lead 
forms a heavy glass, containing a large quantity of lead, which sinks 
to the bottom, and is covered by a potash glass, with little lead in its 
composition ; the intermixture of the two for the formation of actual 
flint-glass, is the more difficult, as the temperature at the bottom and 
sides of the pots varies often as much as 1000® C. (1832® F.) and 
tends to retain the tw^o varieties of glass distinct from each other. 
Even stirring wuth iron rods — which, on account of the action of the 
iron upon the glass, is not desirable — does not thoroughly effect the 
object in view, as light aluminous glass is produced (by the action of 
the glass upon the material of the pots) throughout the operation, and 
this, notwithstanding the constant stirring, remains in the form of 
light streaks disseminated through the mass. 

Mr. Faraday states in his paper optical glass in the Philosophi- 
cal Transactions for 1830, that he found on examining pots contain- 
ing glass, not more than 6 inches in depth, made from the usual 
materials, and retained at a full heat for 24 hours, the following dif- 
ferences of specific gravity between the glass taken from the bottoms 
and surface of the pots: 


Top 

3.38 

3.30 

3.28 

3.21 

3.15 

3.73 

3.85 

Bottom 

4.04 

3.77 

3.85 

3.52 

3.80 

4.63 

4.74 

Top 

3.81 

3.31 

3.30. 





Bottom 

4.76 

3.99 

3.74. 






Whence it is obvious that the lower layers in the pot, even after 
long-continued fusion, remain denser in the mean proportion of 4.10 : 
3.43 and that great variations of density occur in the glass taken from 
the same horizontal layer. The same remarkable fact is observed 
with pieces of flint-glass broken from the cooled mass in such a man- 
ner as to contain all the layers from top to bottom; these, when acted 
upon by sulphuretted hydrogen, became deeply colored in the lower 
parts (by the production of sulphuret of lead) where the lead -glass was 
in excess, and not at all, or very slightly on the upper surface. Fara- 
day proposed, as the result of his observations, the preparation of 
flint-glass from 1 eq. boracic acid, 1 eq. silica, and 3 eqs. oxide of 
lead, which should be fused together in platinum vessels ; but the 
costliness of the utensils, and the excessive amount of oxide of lead 
(74 p. c.), by which, indeed, the glass acquired a specific gravity of 
6.4, have rendered the plan impracticable. 

Faraday obtained his heavy glass by preparing in the first instance 
a silicate of lead containing 1 part of protoxide of that metal to two 
parts of silica, by the fusion of an appropriate mixture of silica and 
nitrate of lead during 18 or 20 hours in a porcelain crucible. This 
mass was pulverized in a porcelain mortar, levigated with w’^ater and 
the finest powder poured off by decantation. This powder w’as em- 
ployed in making the heavy boro-silicate of lead, which is composed 
as follows: 
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154 nitrate of lead - • = 104 protoxide of lead. 

24ofth.above»Uc„e - - | 

42 crystallized boracic acid - « 24 dry boracic acid. 

152 boro-silicate. 

The nitrate of lead, the silicate of lead, and the boracic acid, should 
be mixed in porcelain mortars. The mixture is then placed in por- 
celain crucibles heated to redness before the mixture is introduced. 
The boracic acid loses its water, and the nitrate of lead is decomposed, 
the boro-silicate is formed into a homogeneous mass by constant stir- 
ring with a platinum spatula. The found is then ladled out with a 
platinum spoon and cooled on a platinum dish. 

The glass is now fined by a second fusion in a platinum tray, and 
spongy platinum in the porportion of 8 grains to every lb. of glass is 
added, which very much facilitates the evolution of the bubbles of 
gas which would otherwise remain in the glass. The spongy platinum 
easily subsides on stirring the vitreous mass, and remains slightly 
attached to the bottom of the tray. Great care is requisite in fusing 
a mass containing so large a quantity of lead, to prevent the carbu- 
retted or hydrogen vapors of the fuel from coming in contact with the 
glass, which would be rendered black by their agency, from the re- 
duction of the oxide of lead. This is effected by causing a current 
of pure air, free from dust, &c., to play upon the fusing glass in a 
furnace, constructed specially for the purpose, or by placing the tray 
with the glass in a muffle, similar to those used in the porcelain paint- 
ing works, and enclosing this muffle in another somewhat larger, 
allowing a current of air to pass between the two, so as to destroy 
any reducing vapors that might permeate the substance of the muffle, 
and also another current of air to pass into the inner muffle, and sur- 
round the glass with abundance of oxygen. 

The spongy platinum effectually prevents any air-bubbles from 
remaining in the glass, but no other remedy has been found for the 
streaks, than a constant process of stirring and mixing during several 
hours, until the heat gradually being diminished, the mass becomes 
so thick that the platinum stirrer is moved with difficulty ; the glass 
is then allowed to cool very slowly indeed in the furnace. Faraday’s 
furnace was so arranged that the cooling w^as not fully complete till 
four or five days after the perfecting of the glass. 

The improvements in the manufacture of flint-glass are all directed 
to the apparently unimportant point of avoiding bubbles and waves, 
and to the incorporation of as much lead with the glass as possible 
without imparting a yellow color to it. That the refractive power 
may not be too small, the specific gravity should not be less than 3.1. 

At a period much prior to Faraday’s experiments, Frauenhofer had 
succeeded, at fSft optical establishment of Benedietbeuren, near Mu- 
nich, where the celebrated telescope of the Dorpat observatory was 
made, in producing large knses, free from striae. The secret of bis 
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process passed, at his death, into the hands of von Utzschneider. 
The most important improvements were made by Frauenhofer subse- 
quent to the year 1813, when his celebrated pupil, Guinand, senior 
(from Brennets, in Switzerland), had already left him, to erect the 
institution at Choisy-le-Roi, near Paris, where he first introduced his 
important improvement, consisting in the substitution of a stirrer of 
the same material as that composing the pots, by which the glass 
could be constantly stirred without having its color impaired.* 

Guinand’s son succeeded his father in the Institution of Choisy-le- 
Roi, and this has since passed by purchase into the hands of Bon- 
temps, who appears to have solved the problem with reference to the 
manufacture of flint-glass. In the year 1828, lenses were made by 
him from 132 to 150 lines (11 to 12i inches) in diameter, perfectly 
free from striae, but like those of Guinand, containing some bubbles. 
Since then he has succeeded in fabricating much larger glasses, per- 
fectly faultless, of sp. gr. = 3 5 to 3.6, and the process by which 
these were prepared has been published by the Academy of Paris, and 
is briefly described as follows : 

Bontemps’* Flint-Glass , — The mixture of ingredients comprises 200 
lbs. of pure sand, as much pure minium, and 60 lbs. of calcined soda, 
which together form a single charge of 460 Ibs.f Why soda is em- 
ployed instead of potash, appears strange, but is not explained by the 
inventor of the process. The composition thus corresponds very 
nearly with 15 equivs. silicic acid, 6 equivs. oxide of lead, and 4 
equivs. soda, so that the product is, in all probability, Guinand’s flint- 
glass, in which the potash is replaced by soda. The melting is car- 
ried on wdth coal as fuel, in a furnace specially constructed for the 
purpose, and represented in Figs. 117 and 118. It is intended for one 
pot A only, covered with a hood the mouth of which enters the 
working-hole d, so that the glass is accessible to the workman, but 
not to the fire. On each side of the round siege C, are the bars r r, 
the teazing-holes of which at a and a! are opposite each other (shown 
by the dotted lines in the plan). The flame thus surrounds the pot 
on all sides, and that its action may be everywhere uniform, it is 
allowed to escape by six symmetrically placed flues which are 


• The two analyses of flint -^lass inatle by Guinajid, cited at pasje 26, lead to the 
formula 2(2KC),‘lSi0g)-4-d(2Pb0,3Si03) when the adveiiiitit)us rjiiantities of alumina 
and lime are not taken into calculation; whence it may obviously be detluce<l, that flint- 
glass has the same constituents as crystal, but that these are not in the same state of 
saturation. 

t The following compositions are given for optical flint-glass in the Dictionnaire des 
Arts et Manufactures, 1847. 
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in ooiai«ction with the apertures/ 'f /» Fig. 1 17 * 5^ 

reeaoTed and replaced through the door g (consisting of a bncic maos 

Fig. 117. Fig. 118. 



of clay), in which the working hole is situated: below the second 
working-hole A, is an opening A, through which instruments can be 
introduced for fixing the pot. The upright /, with the roller ?, are 
for the support of the iron stirring-rod, which is inserted into the clay 
cylinder p. 

As soon as the pot is placed upon the siege, and is sufficiently 
heated, the melting commences with 20 lbs.; at the expiration of an 
hour, 40 lbs. more are introduced; at the end of two hours, 80 lbs. 
in addition, and so on at four successive intervals, until, a/ter eight 
or ten hours, the whole charge has been introduced. That too much 
time may not be lost in the introduction of each charge, the hood d is 
removed, but an opportunity is taken for its removal when there is no 
appearance of smoke in the furnace, and the coal is all in a state of 
coke. The constituents are then left to react upon each other for 
four hours; the hood is again detached, and the clay cylinder, care- 
fully cleansed from dust or ash, is inserted, and the mass is stirred 
by means of the iron hook. The cylinder remains swimming in the 
melted glass, and can be hung by its broad rim to the edge of the pot, 
whilst the hood is adapted and fresh coal added to the furnace. After 
five hours, when the mass is tolerably cleared, the stirring, a very 
laborious and tedious operation, begins, and is repeated every hour, 
the red-hot iron stirrer being exchanged for a cold one, with only one 
very important interruption, Xhe tise-froid {kall-schuren). It is well 
known that flint-glass, however much it may have been fined in the 
greatest heat of the furnace, again evolves bubbles at a lower tern* 
perature before becoming cool. The object of the tise^froid is to 
aikm this evolution of gas to proceed, and it is begun wb^n six stir- 
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rifag^iDds hare been changed, or as many hours have been empbyed 
in stirring. In two hours from this period, the bubbles have ceased 
to appear, and the full melting heat is continued with uninterrupted 
stirring for as many hours, until the mass indicates the close of the 
melting process by a certain degree of consistence, when the stirring 
must cease, and the furnace be completely closed. The process has 
then lasted thirty-three ho#rs, and the furnace must now remain un- 
touched for eight days, until the glass is completely cold. 

The metal in the ^t, with the exception of a few fragments, gene- 
rally forms one continuous mass, the two opposite and parallel sur- 
faces of which are ground and polished ; the nature of the interior is 
thus rendered visible, and a knowledge of the position of the striae 
obtained (these are never entirely absent, but are generally confined 
to one particular spot), so that pure pieces may afterwards be cut out. 
These are gently heated and softened in a furnace, moulded into the 
form of a lens in a press, cooled and polished. 

Nearly in the same manner, but with greater certainty, crown-glass 
lenses are obtained from a mixture consisting of 120 lbs. sand, 35 
lbs. purified potashes, 20 lbs. pure soda-ash, 15 lbs. chalk, and 1 lb. 
arsenic. 

The following compositions are given in the Dictionnaire before 
quoted : 




BOJTTKMPS 

criyAJTD. 

White sand 


1840 18-16 
. 360 360 

1840 

400 

Carbonate of potash - 

- 

- 105 

— 

160 

Carbonate of soda 

- 

- 60 

150 

— 

Carbonate of lime 

- 

45 

84 

— 

Borax - - • - 

- 

— 

— 

20 

Minium - - - 

- 

- — 

— ‘ 

20 

Perox. of manganese 

- 

— 

— 

1 

Arsenic - - - 

- 

3 

6 

— 


Bontemps has offered the French Academy, through the astrono- 
mer, Arago, to make lenses for a telescope, 22 inches in diameter, at 
the following rates: 

francs. £>. 

Flint-glass disc, 22 inches in diameter, weighing 80 lbs., 

at 5 frs. per lb. 400=16 

Softening the mass for moulding 150= 6 

550=22 


Crowrn-glass disc, weighing 50 lbs., at 5 Irs. per lb. - 250=10 
Softening and moulding ------ 200= 8 

450 - 1 ^ 

Foriperlyy a flint*glass disc alone, of these dimensions, would have^ 
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OPTICAL GLASS— PAINE’S PATENT. 


cost^l,600, t. e,j more than seventy-two times as much. The same 
optician offers to make discs of 4 feet in diameter, of flint-glass, for 
jCIOO each. 

Very valuable experiments upon this subject have also been made 
by Korner, Steinheil, and Dobereiner. 

[Parabolic Lenses, — Mr. Henry M. Paine, in 1846, received a 
patent of the United States for a mode ofrimproving the character /)f 
optical glasses, by converting double convex lenses into concavo-con- 
vex ones, for the purpose of rendering such lenses parabolic. 

The manner in which the operation of Mr. Paine is carried on will 
be understood from an inspection of the accompanying Fig. 119, where 

Fig. 119. 





Vi \ \ y 


// 


./i is a furnace of a square or cylindrical form having in its arch B, 
a passage or passages a, through which the products of combustion 
escape, fis the grate on which the combustion is carried on. C is 
an oven or mufSe, into which, on the conical platina support D, called 
a curvator, and surrounded by the uprights e, e, c, c, is conveyed the 
lens H, intended to be operated on ; the handle d, enables the operator 
to carry the lens to such a distance within the muffle as may be found 
necessary in order to give the degree of heat required. 

The fuel is supplied to the furnace by the passage or hopper-way 6. 
Air gains admittance to the grate by the ash-pit door g, which serves 
to regulate at pleasure the rapidity of combustion, and of course the 
intensity of the heat. As fire is burning both above and belpw the 
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muffle <7, a very equable temperature may be given to all parts of it; 
and the softening of the lens //, may thus be effected on all sides at 
once. When the lens is sufficiently softened to bend down over the 
conical supporting base, or curvator 2>, it becomes changed from the 
form of H to that of If. 

The inventor states that as there is an optical law which governs 
th# radius of the concave surface of parabolic or elliptic lenses, the 
surface of curvators is ground in conformity thereto, and as the focal 
lengths and diameters of lenses vary, so must the size and curvature 
of the curvators. The curvator may be concave, and a double con- 
cave lens may be placed on its edges, and being heated may be allowed 
to sink into its cavity; the convexity will then be spherical and the 
concavity parabolic.] 

COLORED GLASS. 

The property possessed by the greater number of the heavy metallic 
oxides of producing colored compounds with silica, which can be com- 
bined in all proportions with ordinary glass, affords full scope for ap- 
plying the discoveries of science, and opens at the same time a wide 
field for the exercise of artistic talent, the effects of which are ren- 
dered more brilliant by the optical properties of the glass. Although 
glass of every variety of composition can be colored at pleasure, yet 
in individual cases, it depends upon the object in view, and upon the 
nature of the color, whether a glass void of lead, or a lead-glass with 
its higher refractive power, is employed as the basis for the coloring 
material. The object is either to adorn with color the articles of Bohe- 
mian glass or crystal, of the manufacture of which we have spoken 
already ; colored glasSy in a limited sense of the word, and this is 
effected more easily with crystal, than with glass free from lead; or to 
imitate precious stones, gems, and cameos, by imparting to glass their 
proper tints, glass-pastes^ for which purpose lead-glass, on account of 
its greater brilliancy, is more appropriate ; or, lastly, real glass-paint- 
ing is the object desired, in which case colored lead-glasses are pre- 
pared as pigments, and applied with the brush to the finished objects, 
upon which they are subsequently fixed by fusion. 

In all these cases the effect is calculated for transmitted light, or 
for transparent colors. The opposite effect, depending upon reflected 
light, as in an ordinary painting, is obtained by enamel^ and by this 
we understand easily-fusible opaque lead-glass, which, like the trans- 
lucent glasses, can either be used as basis or as pigment. The 

[ tainted glaze upon porcelain and earthenware is an instance of the 
atter application. 

Although it is impossible to enter into the minute details of this 
most extensive branch of the subject, yet it will be necessary to take 
ai glance at the nature of the pigments, in order to understand the 
pnnciples of their application to those few cases which we shall here 
mention. 



114 


COLORED GLASS— YELLOW— RED. 


Yellow, — Charcoal, either by direct addition, or incorporated with 
the glass by the charring of wood or soot, imparts a dirty yellow color 
to it, which, as the quantity increases, passes into a dark brown, 
without lustre, and is contained in a very fine state of division, if not 
dissolved in the glass.* Little use is made of this substance as a 
pigment at present, for a far superior yellow color is produced by 
antimony (which is the cheaper), or by silver, « 

Yellow with Antimony. — The antimony is generally added in the 
state of glass of antimony {vitrum antimonii)^ which is obtained by 
roasting sulphuret of antimony to the state of anlimonious acid, and 
melting it with from 3 to 5 per cent, of undeoomposed sulphuret of 
antimony. The antimonious acid is converted by fusion with sul- 
phuret of antimony, with the evolution of sulphurous acid, into a 
transparent hyacinthine mixture of oxide and sulphuret of antimony, 
and glass of antimony. Antimonile of potash [antimonium diaphoretic 
cum) answers the same purpose. 

In Bohemia an orange yellow is prepared with glass of antimony, 
minium, and a little oxide of iron. 

The method of treating glass with silver is very peculiar (Lusur), 
A mixture of powdered clay and chloride of silver (horn silver) is 
prepared, which is not mixed wdth the glass in the pot, hut is applied 
to the surface of the ready-made articles. On re-heating these in a 
muffle, the silver penetrates to a certain depth into the glass before 
the latter softens, and even before the coating is firmly attached to it. 
It can, therefore, be scratched off when cold, and the yellow color then 
appears in its full purity and brilliancy. That the alumina exerts in 
this operation something more than a mere mechanical action, is 
proved by the fact, that the yellow silver color is not produced in any 
kind of glass, and can only be successfully brought out with glass 
that contains alumina. 

Yellow with Uranium , — Oxide of uranium produces a beautifully 
delicate, but costly yellow; which has something of a greenish hue. 

The commercial oxide of uranium, used for coloring glass, gene- 
rally contains traces of iron, and to this source the greenish hue of 
the yellow glass is attributed. 

iied, with Oxide of Iron, — A cheap and very common brownish-red 
color is produced by the addition of ojcide of iron (F 2 O 3 ) to the glass 
mixture, either in the state of bloodstone, ochre, or as pure oxide, 
prepared by heating the nitrate. 

Red, with Suboxide of Copper (Cu^O). — Glass colored red by sub- 
oxide of copper, was known at a very early period, as has been proved 
by the analysis of a glass paste found at the Villa of Tiberius, on the 
Island of Capri, which yielded 6.73 per cent. Suboxide of copper 
played a very important part in the mixture of colors used by artists 
in glass for producing the brilliant red colors of window panes, until 
that art sunk into oblivion, to be called to life again in our own times. 
For this revival of the art w^e have chiefly to thank Dr. Engelhard! 


• Tlie yellow color of ordinary glass bottles is due to this cause. 



RED GLASS— BT MEANS OF COPPER. 


115 


(1827). Suboxide of copper may be prepared by heating chippings 
of copper to redness, or commercial copper scale is employed, 
which mainly consists of copper in this state of oxidation; if, during 
the fusion of the glass in the pot, the suboxide finds an opportunity of 
uniting with more oxygen, to which it is very prone, the oxide is pro- 
duced (CuO) which colors the glass green instead of red. All the 
recipes consequently advise the omission of oxidizing agents in the 
mixture, and the substitution of reducing substances, such as char- 
coal smithy ashes, protoxide of tin, soot, decayed wood, argol, &c. 
By these means the green color of the glass may be re-converted into 
red. Glass containing siiboxide of copper does not exhibit its pecu- 
liar color immediately on leaving the crucible; it is, in the first in- 
stance, nearly colorless, with a slight tinge of green, but becomes 
deep red when, after having cooled, it is heated a second time at a 
lower temperature. With small quantities, the heat of a candle is 
sufficient to produce this extraordinary change, which has not yet 
been satisfactorily explained. 

H. Rose^ has lately explained this phenomenon by the assumption 
that a colorless neutral or acid silicate of the suboxide is formed at a 
high temperature, and that the subsequent softening of the colorless 
glass at a low temperature causes the decomposition of this compound, 
and the separation of a portion of the suboxide, which then colors the 
glass. 

The coloring power of suboxide of copper is so intense, that the 
smallest quantity reddens the glass to such a degree, as to render it 
opaque, and it is, consequently, almost impossible to command any 
desired amount of tint in using it. A window^ pane of ordinary 
thickness, colored by this substance, is no longer permeable to light, 
and this is the case in a still greater degree with vessels destined for 
grinding. To contend with this difficulty, a colorless basis is often 
coated with a layer of reddened glass (or is flashed), which can then 
be reduced by grinding until the proper tint is attained. Thus, in 
preparing red panes for the glass painter, two pots adjoining each 
other in the furnace are filled, the one with colorless, the other with 
red glass. The workman first collects a little red glass at the end of 
his pipe, and then the requisite quantity of white glass to form a cylin- 
der; this, when extended, forms a sheet of glass composed of a layer 
of red and white glass, the respective thicknesses of w’hich are in 
proportion to the quantities taken from the pot. Other articles are 
first blown from white glass and then dipped into the pot containing 
the red glass. As the colored coating can be completely, or only 
partially ground away, a very ornamental appearance can thus be 
. given to glass vessels, and the process has consequently been ex- 
tended to other colors, as purple, green, violet, blue, &c., in which 
too great intensity of the color was by no means the cause of the 
adoption of the practice. The brilliant colors in the glass paintings 

• Pogg. Ann. vol. 72, p. 550. Or Journal of Chem. Soc., No. 176. 



itis ^Mas^wira eotOA 


llV 


of thi middle ages, were erroneously attributed to the presence of 
gold, during the time that the art had fallen into disuse. 

Bedfbid has invented a process for staining glass in sheets or ves* 
sels after they are cut and polished with copper. This process is said 
to answer best with glass containing no soda. One part sulphuretof 
copper, 2 parts forge scales, 3 parts anhydrous sulphate of copper, 
and 4 parts of calcined yellow ochre, are ground together as finely ao 
possible with essence of turpentine, which has become rather thick 
by exposure to the atmosphere. This mixture, which is of the con- 
sistence of cream, is laid upon the surface of the glass with a brush, 
and allowed to dry. The articles covered with it are then placed in 
an ordinary Stainer’s muffle, and heated as strongly as the glass can 
be subjected to without melting, the fire is then drawn off and the 
glass is allowed to cool slowly. The pieces, which now present a 
greenish-yellow appearance when viewed in an oblique direction, are 
to be placed in a close muffle with a quantity of small coal, and ex- 
posed again to the same degree of heat, and the vapors arising from 
the combustion of the coal. On again cooling, the glass exhibits a 
brownish-red appearance, and is heated a third time, when the desired 
red color is obtained. A single series of operations is not always 
successful. 


Ited, with Gold , — An equally brilliant color is at present not un- 
frequently obtained by the use of gold, which, according to circum- 
stances, can be made to assume a scarlet, carmine, rose, or ruby tint. 
This application of gold was first introduced by Kunkel, who used 
for the purpose the purple of Cassius (named after its discoverer) ; 
since that time it was generally supposed that gold could be used 
for this purpose in no other form, until Dr. Fuss established the 
contrary. 

Purple of Cassius is the dark brownish-red precipitate produced in a 
solution of chloride of gold, by a salt of the sesquioxide of tin Ac- 
cording to Fuchs, protochloride of tin should be added to a solution 
of per-chloride of iron, until the yellow color is converted into green 
and the sesquichloride of tin thus produced should then be used in a 
greatly diluted state for precipitating the chloride of gold. The pre- 
sence of the salt of iron is said to exert no injurious action. Accord- 
ing to Bolley, the combination of chloride of tin with chloride of 
ammonium is more appropriate, on account of its greater stability in 
the air, and its definite composition ; it can be converted rapidly and 
with ease into the intermediate compound with chlorine (sesquichlo- 
ride) by digestion with metallic tin of the quantity contained in it 
= 10.7 per cent.). This compound should be diluted with 18 parts 
of water, and the gold solution with 36 parts of water, previous to. 
precipitation, in order to obtain a purple of the proper quality which 
IS then collected upon a filter, washed, and dried. The nature of 
purple of Cassius* is still a matter of controversy among chemists, 

• Fignier has recently endeavored to show that the diflerent precinltaie. tkt. 

name, consist of an excess of stannic acid, and a residue of »mmn“ cC^mr sInO^ 
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but it is most probably, as viewed by Fuchs, the hydrate of a combi* 
nation of proto-stannate of tin with a stannate of oxide of gold which 
is intermediate between the proto- and the peroxide, viz: .2(Sn0,Sn02) 
+ Au0,2Sn02+6Aq, according to which it should contain 28.3 per 
cent, of gold. The coloring power of this substance is considerable, 
and the recipes recommend 1 part of the preparation of gold to 6, 9, 
or 12 parts of the mixture of ingredients for glass.* Fuss has proved, 
in a prize paper (read before the Society for the Promotion of Manu- 
facturing Industry in Prussia), that ruby colored glass may be obtained 
without the use of purple of Cassius, when the powdered ingredients 
for the glass are mixed, previous to fusion, with oxide of tin and the 
solution of gold; the mixture then assumes the appearance of moist 
gray sand. Thus also many old statements (Neri, Libavius), and 
others of more recent date (Besseyre, Splittgerger), as well as the 
practice in the Bohemian and Silesian glass-houses, distinctly prove 
that the simple addition of a solution of gold to the flux, w ithout any 
oxide of tin, is capable of producing rose and carmine-colored glass. 
The purple of Cassius itself must no doubt undergo decomposition 
during the fusion of glass at a temperature that exceeds the rnelting 
point of gray cast-iron. Similar and equally extraordinary changes 
are produced in the color of auriferous glass at different temperatures, 
as have already been noticed with reference to glass colored by sub- 
oxide of copper. When the fusion is completed, the glass is colorless 
in the pot, or is sometimes greenish or topaz-yellow in the middle, 
and red or brown-red at the bottom. The colorless portion remains 
colorless when cooled ; but when re-heated during or after working, 
it quickly assumes a light red color, which spreads from the heated 
point over the whole mass, and increases in intensity until it is almost 
opaque and appears black by reflected light. This is the case whether 
the glass is heated in an oxidizing or deoxidizing atmosphere, and 
even when in vacuo and no other apparent change occurs, except a 
slight alteration in the density (from 0.005 to 0.008). 

Ruby glass that has been thus colored red, can be again rendered 
colorless by fusion, and a slow process of cooling; its color is again 
produced by a repetition of the heating. If too frequently melted or 
exposed to an excessively high temperature, its nature is changed ; 
it becomes light brown with a tinge of violet, and grains of gold 
separate. Lastly, when colorless ruby glass is suddenly cooled, it 
cannot be again made to assume color, but remains permanently color- 
less. These phenomena are the more incapable of theoretical expla- 
nation, as we are totally ignorant of the kind of combination in w^hich 
the gold is contained in the colored glass. The assumption of a 

j|iigO-f-4Aq (prolo-stHiinnle uf "tuch cati bt* sepHTHted by potash; he has not, 

however, oxplMiuecl the between liisowu observations ;»n(l tliose of his pre- 

decessors, for, aocordin^j; lo Berzelius, the purple of Cassius is not altered by a solution of 
potash. 

* Ttie quantity here stated is far too much, and would render the glass excessively 
expensive; it is well know'n that 1 pari of the preparation ot gold, w'iil distinctly color 
as much as 30,000 parts of glass. 
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siUcate of the oxide in ruby glass, appears highly questionable from 
the character of the oxides of this metal, and yet the view taken by 
others, that the color is attributable to the metal in a high state of 
division, is totally devoid of direct proof, although it has acquired a 
certain degree of probability by the analogies lately pointed out by 
Schubarth. In the former case, the change of color would be account- 
ed for by the conversion of oxide of gold into the purple-colored in- 
termediate oxide, with the transference of oxygen to some other con- 
stituent of the glass — in the latter, the explanation is not so easy,* 
The brilliancy of the color diminishes in the less deep tints, and is at 
its highest in the saturated glass. 

Colorless glass is frequently flashed or coated with ruby glass, not 
by immersion into a pot containing glass of that color, but by attach- 
ing a part of a cake of ruby color, ready prepared, to a globe of hot 
colorless glass from the pot, the prepared cake of ruby color is more 
fusible than the mass which is to be coated with it, and when the two 
are therefore warmed together, the ruby glass melts first, and by the 
dexterity of the workman can be disseminated pretty equally over the 
whole surface of the globe; on subsequently blowing the glass vessel, 
the thickness of the color becomes remarkably uniform over the entire 
surface. 

These cakes or rolls of color are prepared in special manufactories 
for the Bohemian glass-houses, and the process of manufacture is 
said to be as follows :t 

The glass used for preparing the cakes of ruby color (called 
schmelze), is composed of silica 500, minium 800, nitre 100, calcined 
potash 100. A solution of gold is then prepared by treating 10 
grammes} of fine gold with 180 aqua regia, and the aid of heat; 
when all is dissolved the whole is poured into a vessel holding about 
a quart, which is then filled up with aqua regia. It is then poured 
into a second graduated vessel, and 5 times its bulk of water is added. 
Of this solution is then mixed intimately with: 

512 of schmelze 
48 of prismatic borax 
3 of oxide of tin 
3 of oxide of antimony, 

all in the state of very fine power. The whole is then heated for 12 
or 14 hours in an open crucible, placed in a glass-furnace, and then 
suffered to cool in an annealing-oven. When cool, the crucible is 
broken and the color extracted. It is not necessary to use closed 
crucibles, as some manufacturers assert. If more acid is used than 
is prescribed above, the crucible is attacked, but the color is more 
solid. f 

According to the director of one of the glass-works in the neigh- 
borhood of those of Bohemia, a very beautiful ruby color may be 
obtained in the following way: Dissolve by heat 1 grm, (15.4 grs. 

• Compare p. 115. f Chem. Gaz. iu. 268. } 1 gramme*>sl5,438 grs. troy. 
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troy) of fine gold in an aqua regia composed as follows: 12 grms. 
nitric acid, 12 grms. muriatic acid, and 1 grm.‘ sal-ammoniac^ 
Again, dissolve by heat 1 grm. of tin in an aqua regia composed of 
20 grras. nitric acid, and 6 muriatic acid; then pour the two solutions 
into a large vessel containing already 500 grms. of clear water, and 
mix them intimately by agitating the vessel after corking it. The 
red precipitate of purple of Cassius w^hich forms,* is washed and dried 
with care. A peculiar glass is then prepared by mixing together 40 
parts of very pure quartz pulverized, 16 parts of nitre, 8 parts of 
borax, 1 part of white arsenic, 1 part of cream of tartar, finely pul- 
verized, and sifted through silk, and a greater or lesser quantity of the 
purple of Cassius, according as you want a more or less deep color. 
This mixture is introduced into a clay crucible, made expressly for 
the purpose, not glazed, and of about the capacity of 5 quarts, or else 
in an ordinary glass-pot; it is then heated in a glass-furnace, or in a 
small furnace made expressly for the purpose, taking care to stir the 
materials continually until they have attained a dull red heat. The 
crucible is then covered, and the heat continued for some time. 

When the mass is perfectly melted, and no more bubbles are 
formed, the crucible is removed, and after being suffered to cool for 
4 or 5 hours in a cellar, it is broken, and the glass obtained is sepa- 
rated with care from the impurities which it may contain; it is then 
ground and sifted. If the following mixture be now melted together 
in a small crucible placed in the glass-furnace, viz. : 128 parts of 
pure quartz pulverized, 64 parts of nitre, 3 parts of borax, and 3 
parts of white arsenic, and the glass thus obtained be poured into 
cold water, ground and passed through a sieve, then mixed with the 
colored glass prepared as above, and melted in a glass crucible, a 
glass will be obtained, which, when wrorked up into articles of a 
thickness not exceeding 0.16 to 0.2 inch, takes a beautiful ruby 
color when exposed to the smoke obtained from burning fir or alder 
wood. 

Bohemian Ruby , — They prepare besides, in Bohemia, a peculiar 
ruby color, which is also employed in cakes, and has received the 
name of Bohemian ruby. It is prepared by melting together quartz 
powdered and fritted 100, minium 150, potash fritted 30, borax 
fritted 20, sulphuret of antimony 5, peroxide of manganese 5, fulmi- 
nating gold rubbed inwuth oil of turpentine 5. If a little more fulmi- 
nating gold is used, a magnificent ruby color is obtained. 

Fulminating gold is obtained by precipitating the solution of gold 
in aqua regia by ammonia, and stirring the liquid for some time. The 
precipitate is then collected upon a filter, and \vashed rapidly with 
boiling w^ater rendered slightly ammoniacal, then dried at a very low 
temperature. A powder is thus obtained of a deep browmish-yellow, 
the manipulation of which requires great precaution, as it is very 
ex^osive. 

The following is the composition of Venetian ruby glass according 
to Bohme. 
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Gold - 

• 

0.0492 

Peroxide of tin 


0.6900 

Peroxide of iron 


2.2000 

Oxide of lead 


- 22.9.300 

Magnesia 


0.5000 

Lime 


3.8000 

Soda 


5.7960 

Potash 

. 

6.7000 

Silica 

- 

. 58 9800 

Arsenic 

- 

- trace 


101.6452 

Jilth Alarifi'anese . — It has already been stated above, that oxide of 
manganese prodiiees an amethystine glass. This color can be ob- 
tained by the addition of pure peroxide of manganese, but care must 
be taken that the sesquioxide is not reduced by the carbon in the 
mixture of ingredients, or by the soot of the flame, into protoxide, 
which affords no color. 

Green. — A green color can be obtained very easily, and in a variety 
of ways. A slight tint of little brilliancy is produced by protoxide of 
iron; the emerald-green color imparted to* glass by oxide of copper 
(CuO) is much more beautiful. With this object in view% the glass 
is mixed with the product obtained by heating copper to redness with 
access of air, copper scale, or better with pow'dered and dried verdi- 
gris, which is then decomposed in the fire, and converted into oxide 
by the oxidizing agents. In both cases precautions are necessary t6 
prevent the protoxide of iron from being converted into peroxide, and 
the oxide of copper from being reduced to suboxide. The observa- 
tion, that lead-glass is most appropriate for coloring with oxide of 
copper, is explained by the yellow color of lead-glass aiding the con- 
version of the bluish tinge of the copper into green. It is remarkable 
that glass which has been deprived of its transparency, and is dull, 
or only translucent, is converted into a deeper bhie or turquoise 
color, and not into emerald-green, by oxide of copper. This property 
is occasionally made use of. 

The purest and most brilliant grass-green color, less common on 
account of its high price, is produced by oxide of chromium (CrjOj), 
which occurs as a pigment in commerce. It is prepared from the 
bichromate of potash by the reduction of chromic acid with the aid 
of sulphur, sulphuret of potassium, sal ammoniac, charcoal powder, 
&c., and after precipitation, is dried with the expulsion of its water 
of hydration, and obtained as a dark green powder."^ In Bohemia 
two varieties of emerald-green are known ; ancient emerald-green^ pre- 
pared with oxide of copper mixed with a small quantity of finery cin- 
ders, and modem emerald-greeuy which is far more beautiful than the 

• Chrome green has a yellow tint when placed by the side of copper green. A 
fine emerald-green is obtained from a mixture of the oxides of copper and iron ; copper 
alone affords a cold blue color. 
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preceding, and is prepared from a mixture of the oxides of nickel and 
uranium.* 

Blue. — The only true blue color is produced by oxide of cobalt 
(CoO), which is equally applicable to lead glass, in which case the 
tint is not so intense, as to glass containing no lead. For the finer 
articles and for glass painting, this pigment is prepared, according to 
the greater number of recipes, by precipitating the salts of cobalt by 
a carbonated alkali; similar products are found in commerce, under 
the names, black and red oxide of cobalt, &c. The coloring power of 
oxide of cobalt is so intense, that pure white glass is rendered sensibly 
blue by the addition of jr/ooth part of the oxide ;t the properties of the 
ores of cobalt in coloring glass, observed by Brandt long prior to the 
discovery of the metal cobalt, and the beauty and durability of the 
blue cobalt glass gave rise to the establishment of the manufactories 
of blue color^ in which blue cobalt glass (ground) was produced as a 
pigment under the name of smalt or zaffre. 

Smalt, Zajfre . — The preparation of smalt was invented in the first 
half of the 16th century (1540-60) in Saxony, and has since been 
extensively carried on as the only metallurgic process connected with 
the cobalt ores. The ores, with the exception o| a few rare minerals, 
as earthy-cobalt, cobalt- vitriol, cobalt-bloom, &c., are chiefly of two 
kinds, viz., speiss -cobalt, or bin-arseniuret of cobalt (CoAsj), and 
glance- cobalt, or bin-arseniuret of cobalt and bisulphuret of cobalt 
(CoAs„CoS,).^ 

The analysis of these minerals yielded: 

SPEISS-COBALT. GLANCE-COBALT. 



Crystal! zed from 

Massive 

Massive 

from 


Reiclu'lsdorf. 

from Sehiieeberg. 

from Tunaberg. 

Skutterud. 


STBOiHETER. 

HOFMANN. 

VARRENTRAPP. 

STROMETER. 

Cobalt 

- 20.31 

13.95 

23.44 

33.10 

Arsenic 

- 74.21 

70.37 

69.46 

43.47 

Nickel 

- 

1.79 


— 

Iron 

- 3.42 

11.71 

4.95 

3.23 

Copper 

- 0.16 

1.39 

— 

— 

Bismuth - 

- 

o.oi 

— 

— 

Sulphur 

. 0.88 

0.66 

0.90 

20.08 


98.98 

98.88 

98.75 

99,88 


It is evident from these results, that the cobalt in these minerals 
(w’hich are rather arsenic than cobalt ores), is partly replaced by 
other metals : copper, nickel, iron, &c. The purest ore, containing 
the smallest quantity of the other metals, glance-cobalt. Arsenical 
cobalt is of much more common occurrence, but is always associated 
with a much larger proportion of the other metals, which are not only 

* Chem. Gaz., vol. iii. p. 271. 

f part of cobalt must afford a very deep blue color, as of oxide of 

cobalt communicates a perceptible blue tint to the glass. 
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components of its chemical constitution, but accompany it as distinct 
minerals in the vein ; these are mispickel, leucopyrite, copper nickel, 
iron pyrites, mag’netic pyrites, copper pyrjtes, blende, gray antimony, 
galena, gray copper ore, tin pyrites, and bismuth ore. The me- 
chanical purification, which is a process of levigation and precedes 
the working of the ore, does not separate these ores, which have about 
the same specific gravity as the cobalt ores themselves, but only the 
gangue, which, being lighter, is suspended in the water, and i)oured 
off while the ores subside. The purer pieces, however, are selected, 
and freed by the hammer from a considerable portion of the foreign 
minerals; the remainder is submitted to pulverization and partially 
purified by levigation. An admixture of tin, antimony, or bismuth, 
communicates a yellow tinge to cobalt-glass, as does also oxide of 
zinc when present in considerable quantity. The color verges into 
violet when small quantities of copper and nickel are present, and 
becomes brown with a larger addition. The same effect is ])roduced 
by protoxide of iron, which, however, when not in too great excess, 
is rendered harmless by the presence of arsenic (as a discolorizing 
material). 

The next object in the manufacture of blue-color is to convert the 
cobalt of the levigateS ores into the state of oxide, in such a manner 
that the foreign metals shall be separated or rendered innoxious; this 
is done by roasting, and the oxide thus produced is then vitrified, 
with the addition of the purest potashes and silica. 

The Roasting . — During the process of roasting (by which is always 
meant the exposure of the substances to a red-heat with the constant 
access of air), the sulphurets contained in the ores absorb oxygen, 
sulphurous acid is formed, and at the same time oxides and sulphates , 
of the metals, whilst the volatile arsenic is consumed and carried 
away by the draught, in the form of arsenious acid. The construc- 
tion of the reverberatory furnace, Figs. 120 and 121, in which this 


, Fig. 120. Fig. 121. 



operation is conducted, is adapted to collect these volatile and very 
poisonous products. The arch c c, and the sole a a, of the roasting- 
hearth are formed of fire-stone. The powdered ore is introduced by 
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the working door b 6, in quantities of 3 to 4 cwts. at a time, spread 
out in a uniform layer 6 inches in thickness, and this is then exposed 
to the flame of a wwd fire on the grate r. The flame passes over the 
fire-bridge n n, and is carried with the volatile products through the 
flues 0 0, into the common flues d dy which are carried round the 
fire-place. The apertures mm oi these flues are only intended for 
the purpose of cleaning, and are generally closed ; through the aper- 
ture on the contrary, the smoke enters a long smooth gallery (poison- 
gallery) or a wide chamber (poison-chamber) which is wide enough 
to impede the velocity of the draught, and allow the arsenious acid 
time to collect and deposit. 

If the ores are pure, there is no reason why the roasting should not 
be continued until the oxidation of the metal is complete ; and, indeed, 
it would be disadvantageous not to do so, as the unchanged sulphuret 
and arseniuret of the metal would be decomposed in the subsequent 
fusion, at the expense of a portion of the potash, into sulphuret and 
arseniuret of potassium and oxide of cobalt. It is very different, how- 
ever, with the impure ores as they are usually worked; nickel and 
copper would also be oxidized in this case by a complete process of 
roasting, and the oxides of these metals, which cannot be rendered 
innoxious by discolorizing matters, would be associated with the color 
and spoil it, the nickel communicating a hyacinthine, the copper a 
florid red or green tint to the smalt. It is therefore an obvious error 
to roast fully or to dead-roast ores of such a character, and it is care- 
fully avoided in tlie smalt works. When the roasting is not carried 
beyond a certain point, a*enic remains behind on the one hand, and 
the oxygen absorbed is insufficient on the other to combine with all 
the metals which are competing for it. In the subsequent fusion, 
therefore, those metals (cobalt, iron, &c.) which possess the most 
powerful affinity for oxygen will prevail and hold back the oxygen, 
wffiilst the others (nickel, copper, silver, bismuth, arsenic, &c.) with 
a lesser affinity for oxygen, will separate in the metallic state (as 
regulus), or combined with arsenic, as speiss, and collect below the 
layer of blue glass. If the roasting is continued for too short a space 
of time, a portion of the cobalt will remain in an unoxidized state, 
and pass with the other metals into the speiss, when a loss of coloring- 
matter will be the consequence; a small amount of cobalt in the 
speiss is, qn the other hand, a good sign, indicating that the roasting 
had been sufficiently advanced, and yet that enough arsenic has been 
left to combine with the nickel, for which it has a stronger affinity 
than for cobalt. Arseniuret of cobalt and oxide of nickel are mutually 
decomposed by fusion into oxide of cobalt and arseniuret of nickel. 
The following constituents have been found in speiss: 


Nickel. Arsenic. Manganese. 

Iron. Copper. Cobalt. 

Antimony. 

Sulphur. 

Berthier 49.0 37.8 — 

— 1.6 3.2 

trace 

7.8 

Wille 52.6 40.5 — 

1 

2.7 1.6 trace 

j 

— 

2.5 

Wohler 52.7 44.0 

1.60 — 

— 

1.65 
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It is consequently a kind of artificial ore, composed of arsenic, nickel 
and sulphur. 

The product examined by Wohler, consisted of the crystals which 
are occasionally met with in speiss, and are obviously composed of 
Ni3As, with an admixture of metallic sulphurets. 

When the ores contain bismuth, as is the case with those of the 
Erzgebirge, the greater part of this metal is extracted before they are 
employed in the smalt works, and the remainder is subsequently found 
below the layer of speiss. 

A small quantity of zinc adheres pertinaciously to the cobalt, and 
can seldom be totally removed ; the oxide imparts a greenish tint to 
the glass. 

The Composition , — Experience has shown, with reference to the 
fluxes that are mixed with the roasted ore, that the earths impair the 
color by diminishing its purity and lustre; and the purity of the color 
is still more damaged by soda. Lime and soda are, consequently, 
omitted in the mixture, and purified potashes only are employed ; this 
is the more essential, as the matrix or gangue which still remains at- 
tached to the ore, frequently contains lime and magnesia. 

Silica is always used in the form of quartz, but is submitted to 
previous mechanical purification. With this object in view, the 
quartz is heated to redness, and thus disintegrated, it is then pul- 
verized in a stamping mill and the meal washed, suspended in water, 
and the fine powder allowed to subside. The lighter earthy and 
ferruginous particles remain longer in suspension, and can be poured 
oflT, and by repeating the process, pure cflartz-meal is at length ob- 
tained, which, when dried and heated to redness is technically called 
sand. 

The mixture of the roasted ore with quartz and potashes, is carefully 
conducted in wooden tanks, with the addition of white arsenic, which 
is essential on account of the iron in the ingredients; the arsenic is 
used in the form of powder as it collects in the poison-galleries, and 
with it a small portion of oxide of cobalt is recovered, which is mechan- 
ically carried into the poison-galleries by the draught. The depth of 
color in the product, the proportions of sand and })()tashes remaining 
the same, naturally depends upon the amount of oxide of cobalt in the 
roasted ore, or upon the quantity and quality of the schliech employed 
in the mixture. If the roasted ore contains much lime and alumina, 
these will enter into the composition of the glass, and dilute its pure 
blue color. The coloring powers of the ore will therefore depend, 
not only upon the amount of oxide of cobalt which it contains, but 
also upon the nature of the substances mixed with it. In the arts, 
however, a great variety of tints are in constant demand. The dif- 
ficulty of attaining a uniform and constant tint of blue, will be evident 
from these facts, as it must entirely depend upon the nature of the 
ingredients, and these are constantly subject to change in every con- 
secutive roasting. As a constant quantity of potash is always em- 
ployed in the smalt-works proportionate to the sum of the other con- 
stituents of the mixture (i. e. J of the ore and sand together), the 
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only question that remains to be settled, is the relative proportion of 
ore and quartz. Two processes of testing are resorted to for esta- 
blishing this point. The one test informs the workman how^ long the 
roasting must be continued in order to produce the deepest blue with 
the smallest quantity of ore, i, e. until the ore has acquired the most 
intense coloring power. The other instructs him as to the quantity 
of sand that must be mixed with the ore in order to j)roduce a certain 
tint. Both tests are mere repetitions of the manufacturing process on 
a small scale. A series of definite tints, generally three, can thus be 
kept constantly on hand, and from these any required modifications 
can be produced, by altering the relative quantities of the ingredients. 
A complete set of all the gradations of color producible by the in- 
gredients is requisite for this purpose, and also a series of specimens 
of all the tints of color required in commerce. As the desired in- 
tensity of color can only be produced by the most accurate attention 
to the relative w’eights of the ingredients, the latter are never mixed 
by measure, but always by weight in the dry state. The same degree 
of accuracy is not necessary in adding the arsenic, as an excess is in 
this case easily volatilized ; it is therefore added invariable quantities 
up to the same amount as the ore. 

Fusion , — The operations connected with the fusion of the mixture 
are the same as thofee already described under glass, and the sepa- 
ration of the speiss is the only essential difference, and gives rise to 
certain modifications in the construction of the furnaces, w’hich are 
either round or square, and adapted for coal or wood; these will be 
more easily explained by a reference to the sketch, Fig. 122. The 
pots h h are inserted at the w^alled openings 6, they are pierced at the 
side with an aperture for the removal of the speiss (speiss-hole), which 
is directly opposite the knee-hole d. Through this latter aperture the 
speiss and waste-glass Jire removed from the furnace, and the hole is 

Viii. 122. 
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closed during the fusion. The working-hole e is situated directly 
above, and is used for introducing and removing the ingredients and 
the glass. The flame is kindled on the grate r, enters the furnace at 
Vy and passes out through the holes x x x which are in connection 
with the short chimney t. The easy fusibility of the ingredients 
demands only an eight hours’ melting, and during this time the mass 
is often stirred, until the glass appears homogeneous and the speiss 
has settled down ; the stirring must then cease and the heat be kept 
up in order to aid the separation. The fused glass is then ladled 
out and poured into cold water, that it may be disintegrated and 
easily pulverized. 

Grindifig and loashing. — The reduction of the glass into the state 
of powder is effected by two granite stones, working under water in 
a wooden trough, which receives the glass previously finely stamped 
or broken into fragments between rollers; the water, rendered muddy 
by the colored glass, flows constantly into a depositing vessel, and 
the trough is replenished as fast as the water flows away; on leaving 
the depositing-vat it flows into the washing-vats, where it deposits the 
coarser particles (called sanding or strewmg-hlue as it is used for the 
floors, and is not otherwise known in commerce). The water with 
suspended matter then passes consecutively through two other washing- 
vats, in the first of which the real pigment is deposited, whilst a still 
finer powder [Eschel] subsides to the bottom of the second. The 
action of water upon the finely ground powder is not merely mechanical, 
but a decomposing chemical eflect is also produced by it. Cobalt 
glass, like all the varieties of glass which are prepared by fusion 
without the addition of lime, is not entirely insoluble in water, or 
rather, is separated by water into the pigment, and a partially soluble 
glass of a dirty grayish color, which is attacked by the water. 

Other portions of the pow^der, as glass-gall or salts, which do not 
enter into the composition of the glass, are also dissolved and sepa- 
rated by the water. The pigment and the eschel, when the susj)end- 
ed matter is all deposited, are consequently again treated and vStirred 
up with water. The water which has served for washing is collected 
in large tanks, and yields an impure product which is returned to the 
pots and re-melted. 

The well-washed color is drawn off from the washing-vats, dried 
in the drying-house, and sifted. Intermediate tints are sometimes 
prepared by mixing the color with eschel. This is carried out in 
separate factories, as in Holland, the crude substances being imported 
from Saxony, and most beautiful combinations are thus obtained. 

During melting, the speiss-hole is closed with a plug of clay. When 
the glass has been withdrawn, this plug is forced in, and the speiss 
allowed to flow out into iron moulds, through the knee-hole. Pure 
ore, consisting only of glance-cobalt, yields of course no speiss. The 
glass-waste that falls upon the hearth is re-melted with color of the 
same tint. 

Smalt is applicable to all purposes in which a cheap durable blue 
is reauired as superficial color, i. e., as a paint, for rendering paper 
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blue, for linen, &c. A pigraent of this kind is only attacked by 
agents which destroy glass, and these are so few in number, that 
smalt exceeds most pigments in chemical indestructibility. Its good 
quality is dependent upon the purity and uniformity of its* tint; the 
former can only be secured in the smalt works, when the ore is suffi- 
ciently pure, and it is frequently impossible to produce the highest 
depth of color in consequence of the poverty of the ore. 

Pure smalt may be used for painting and coloring glass, but is not 
so appropriate for fine w’ork as fluxes prepared with pure oxide of 
cobalt ; whilst for less delicate purposes, for the paintings on earthen- 
ware, &c., the simple mixture of ingredients will obviously produce 
the same effect as the prepared pigment, as both must subsequently 
be burnt or fused. Indeed, large quantities of roasted ore mixed 
with the necessary addition of flint powder, are sent into the market 
under the name of zaffre or saflor.* The proportion of the ingredients 
in the mixture must be so arranged, that they shall yield by fusion 
with the proper quantity of purified potashes, the exact tint which is 
ascribed to them by the manufacturer. This is ascertained by the 
same process of comparative testing as has been described in the case 
of smalt. 

Mixed Colors . — The colors which have been mentioned, are the 
simple or fundamental colors, by the intermixture of which — inasmuch 
as their chemical properties will admit of it — innumerable derivative 
colors can be produced. Thus peroxide of manganese with 6 times 
its weight of zaffre yields a brown garnet color; oxide of iron with 
alumina, obtained by heating a mixture of alum and green vitriol, 
affords a Jlesh color^ as is also the result of a mixture of the oxides of 
gold and silver; the preparations of antimony with oxide of copper, 
yield a beautiful green; red, produced by peroxide of iron (ochre) with 
the yellow from silver, affords orange^ &c. Blacky which is nothing 
more than the absence of light and no real color, cannot be combined 
with transparency. In the absence of a substance that will yield 
black at once, powerful coloring materials are applied in such large 
quantities, that no light can pass through the glass. Amongst these 
are peroxide of manganese, protoxide of iron, oxide of cobalt, and 
suboxide of copper, mixed two or three together, according as a 
brown, blue, or green-black tint is required. 

Hyalith or Jasper . — This name has been given in Bohemia 1o a 
species of glass, perfectly opaque, generally black, remarkably hard, 
and possessing a most beautiful lustre. It is reported to be made by 
fluxing slag with basalt. Its properties are such that it may be 
employed for boiling liquids, without any risk of breakage. The 
black jasper is prepared by adding: 

* The names small (smaltam^ corrupted IVoiii SchmeUz), Eschcl (from ^^she. ash, on 
account of the addition of jKDtashes), and zaffre or safflor (corrnjition from crei<pBipo(j saj)phire, 
on account of the blue ct)lor), were no doubt originally synonymous, until they were used 
at a later period to distinguish ditrereiit products of the same process of manufacture. 
Kunkol used the word smalt as a general term for any kind of glass Ilux, i. e. white glass 
intended for coloring, for example, strass. 
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Forge scales, partially ground, 

Charcoal powder in excess, and 
Bone ashes in powder, 

to the ordinary materials for making glass. The forge scales may 
be replaced by basalt or lava. A yellowish bronze -colored jasper is 
produced by substituting lead-slags for the forge scales, and a red by 
oxide of copper, &c. &c. 

A deficiency of carbon causes the fracture of the jasper to present 
a marbled appearance, of which advantage is taken in preparing 
articles for sale. 

It is difficult to explain the action of the carbon, which may act by 
reducing the higher oxides, or by a species of devitrification similar 
to what is noticed in the slags from blast-furnaces. 

Strass . — For preparing imitations of natural gems, glass possessing 
the highest degree of purity and transparency, combined with the 
greatest possible lustre, is required; a glass, inrleed, which without 
its hardness, approaches as nearly as possible to the diamond in other 
properties. This glass, which is prepared from a mixture of quartz 
and boracic acid, with perfectly pure potash (it is best to use caustic 
potash, purified by alcohol), is called strass, after its original inventor. 
Donault-\\ ieland, who has given much attention to this subject, re- 
commends as examples, the following mixtures of ingredients: 


Ground rock crystal 
Sand 

Pure minium 
White lead - 
Purified caustic potash"^ 
Boracic acidf 
Arsenious acid 


No. 1. 

No. 2. 

No. ^ 

100 

— 

100 

— 

100 

— 

156 

— 

154 

— 

171 

— 

54 

32 

56 

7 

9 

6 


h 

J 


Whence it will be seen that strass very much resembles flint-glass, 
and only differs from it in containing a larger amount of lead. 

The choice of crucibles is very important in preparing strass; 
Dumas recommends the use of Hessian crucibles, as less j)ermeable 
than those made of porcelain. A porcelain or potter’s furnace is em- 
ployed for fusing the mixture, and the crucibles remain in the fire 
about 24 hours, the product being cooled as slowly as possible. The 
same general precautions wdth regard to the purity and state of divi- 
sion of the ingredients are necessary in preparing good imitations 
of precious stones, as in the manufacture of optical glass. 

The analyses of Wieland’s strass (p. 26) correspond with the simple 
formula K0,Si03-f 3Pb0,4Si03, or more accurately, 3K0,4Si03-f 
3(3Pb0,4Si03). By fusing the colorless strass with the prepared me- 
tallic oxides, the imitations of various natural gems are obtained; 


* Dumai recommends that nitrate of potash should l>e substituted for the 
bemg very much more uniformly pure, 
t Borax was the substance originally used by Donault. 


potash, as 



STRASS-^RTIFICIAL GEMS. 


129 


topaz IS imitated with glass of antimony and purple of Cassius, or with 
oxide of iron; ruby with purple of Cassius; emerald with oxide of 
copper or chromium; sapphire with oxide of cobalt; amethyst with 
oxide of cobalt and purple of Cassius; beryl with glass of antimony 
and oxide of cobalt ; garnet with purple of Cassius, glass of antimony, 
and peroxide of manganese, &c. 

Topaz is very subject to vary in tint during fusion, according to the 
temperature and the time it is exposed to the fire. It passes from 
the white color of colorless strass to a sulphur yellow, violet and red- 
dish-purple, according to circumstances which are not well understood. 
Donault’s recipe is: 

Very white strass - - - - 1000 

Clear yellowish orange-red glass of antimony 40 

Purple of Cassius - - . - 1 

A very good imitation of topaz is obtained from: 

Strass - . - 1000 

Oxide of iron - - 10 

Ruby is the most highly prized of all artificial gems, and a sub- 
stance peculiarly adapted to its production, is often obtained in pre- 
paring topaz. The mixture for topaz often yields an opaque mass, 
translucent on the edges, and of a transparent red color, in thin 
laminm. One part of this mass with 8 parts of strass fused for 30 
hours in a Hessian crucible in a potter’s furnace, affords a beautiful 
yellowish crystal, resembling strass, which, re-melted before the blow- 
pipe, produces the most beautiful oriental ruby. 

A less beautiful ruby of a different tint is obtained from : 


Colorless strass - - 1000 

Oxide of manganese - - 25 

Emerald. — The most perfect imitation of the native emerald is 
produced from: 

Colorless strass - - 1000 

Pure oxide of copper - 8 

Oxide of chromium - - 0.2 


Sapphire. — A beautiful oriental blue is obtained by the use of very 
white strass and pure oxide of cobalt, the composition is placed in a 
luted Hessian crucible, and left for 30 hours in the fire. The pro- 
portions to be used are : 

Colorless strass - - - 1000 

Oxide of cobalt - - - 15 


Amethyst, — The best composition for amethyst is : 


Colorless strass - - - 1000 

Oxide of manganese - - 8 

Oxide of cobalt - - - 5 

Purple of Cassius - - - 0.2 
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Syrian garnet is obtained from : 

Colorless strass - . - 1000 

Glass of antimony - - - 500 

Purple of Cassius - - - 4 

Oxide of manganese - - 4 


Connected with the production of artificial gems, although the 
processes are of a totally different character, the following may be 
worthy the attention of glass-manufacturers. M. Ebelnien has suc- 
ceeded in crystallizing several artificial minerals by employing the 
solvent power of boracic acid at a high temperature for the metallic 
oxides of which they are composed. The following is the plan pur- 
sued. Having weighed separately the substances that are to enter 
into the compound, and the fused boracic acid reduced to the state 
of powder, these are mixed wdth great care, and the powder is placed 
upon a leaf of platinum in a shallow cup of biscuit porcelain with a 
flat bottom. This cup is placed in i vessel composed of refractory 
clay, such as is used in baking porcelain. These vessels are cut 
slanting on one side, so as to establish an easy communication betweea 
the atmosphere of the furnace and the interior of the case, the vola- 
tilization of the boracid acid being thus facilitated by a constant 
current of air. They are then exposed to the heat of the porcelain- 
furnace, during the entire period of firing. 

As an example, the proportions used for preparing the rose-tinted 
spinelle (Mg 0 ,Al 203 ) may be given; these were: 

Alumina - - 6*00 grras. 

Magnesia - - 3*00 “ 

Fused boracic acid - G'30 “ 

Green oxide of chromium 010 to 0*15 grms. 

The mass, after being fired, is generally in the form of a rose- 
colored cake, on the surface of which it is easy to distinguish the 
facets of equilateral triangles, but on detaching the product from the 
platinum, the interior is generally found to contain nests of rose- 
colored crystals, which are very brilliant, and the form of which can 
easily be distinguished with a magnifier. The crystals are regular 
octahedrons, truncated on the twelve edges, which scratch quartz 
with ease. 

By using borax, which is less volatile, instead of boracic acid, 
alumina itself has also been crystalized; the proportions employed 
for this purpose were four parts of borax and one part of alumina, 
with of oxide of chromium; after firing the mixture, a mass was 
obtained containing small ruby crystals, visible with the magnifier, 
which scratched the topaz, and exhibited a crystalline form, that left 
no doubt as to the identity of the substance with corundum, the 
mineral next in hardness to the diamond. 

Glass-painting . — The earliest productions of this branch of art, 
stand in the same relation to those of a later date, as a copper- 
plate to an oil-painting, and consist of black outlines upon a ground 
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of white glass. These, however, were soon succeeded by glass mosaics, 
w'hich were brought at an early period to the same state of perfection 
as by artists of the present day. Glass mosaic is that branch of the 
painter’s art exhibted in the oldest churches and monuments of the 
middle ages; the paintings were made up of portions of glass cut from 
colored plates, and the shading was produced by fusible pigments, 
the pieces being connected together by sheet lead, in such a manner, 
that the lead coincided as nearly as possible with the outlines of the 
figures. At a later period, the plan of substituting transparent 
colors for the black was discovered, and glass-painting, in a limited 
sense of the word, sprung up, and w'as materially aided by many 
results of the alchemistic labors of that age, and brought to perfection 
by the genius of A. Diircr, Van Uyk, L. v. Leyden, and others, whose 
productions wdll ever be objects of w’onder and admiration. In the 
15th and 16th centuries the art rose to the highest pitch of excellence, 
bat soon declined with the altered taste of the age, and sunk into 
oblivion, until again called to life in the 19th century. Since then, 
the art has found in chemistry, a science upon w’hich it must alw’ays 
be dependent in a technical point of view', the most pow'erfiil ally, 
and to its aid must be attributed the rapid progress that it has made. 
It cannot, however, be said that the revival of glass-painting is 
entirely due to the progress of modern chemistry, although the pre- 
paration of the red ground (Ueber-fanglase) as a material for deadening 
the light, is of the greatest importance for producing effect; the talent 
of the artist has been of still more essential service, and indeed the 
art w’as never entirely lost, but only neglected, the fundamental prin- 
ciples of technical detail having been preserved in the W'orks of Neri, 
Kunkel, Le Vieil, and others. Nobody, on the other hand, can doubt 
the superiority of modern productions in a technical point of view*, 
although, considered artistically, and applied to the highest objects 
in church-painting, for instance, they do not present that harmony 
with an exalted style of architecture w'hich is witnessed in those of 
the middle ages, and appear rather, by the almost painful attention 
to minutix', and littleness of conception, in contrast with the spirit of 
the whole. 

Three essential points require attention w'ith reference to glass- 
painting. The glass to be painted, the color, and the Jlux, The flux 
is the combination of ingredients required to produce the colored 
glass w'ith the pigment j)repared from some metallic oxide. Both 
color and flux are intimately mixed in the state of fine powder, and 
laid upon the glass w’ilh a brush ; they are then fused, by w’hich means 
they become attached to the plate of glass, and, being transparent, 
produce the colored effect. It will easily be conceived that success 
in operations of this kind, demands on the one hand, a complete vitri- 
fication of the pigment, w hilst on the other, there must be no irregular 
extension or absorption of the color by the matrix, as this w'ould en- 
tirely destroy the sharpness of the design, and give it the appearance 
of a faulty outline. In addition to this, the pieces are generally placed 
in the hands of the painter in a perfectly finished state as regards 
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form, and consequently any change of form occasioned by softening 
in the heat of the enamelling-furnace, must be most carefully avoided. 
The fusing points of the glass to be painted, and of the pigment, 
must therefore be as distant from each other as possible, i, c., the 
pigment must become fluid at a temperature at \vhich the glass to be 
painted does not soften, and the heat employed in burning the color 
must not be higher than is absolutely necessary. It will now be un- 
derstood why painted articles should not be prepared from lead-glass, 
and w'hy the hard Bohemian glass, which contains no lead, is pecu- 
liarly adapted for these purposes; for the same reason, the flux is 
rendered easily fusible by the addition of borax, minium, or oxide of 
bismuth. 

In glass-painting, a drawing upon paper (cartoon) is placed below 
the glass, and the colors are applied, with this as a guide, rubbed up 
in oil of turpentine (or simply with water), and when dry, are burnt in. 
Upon the old plan, the painted sheets were placed in an iron pan, 
alternating with layers of dry lime, which had fallen by exposure to 
the air; the pan was then brought to a red heat in a furnace con- 
structed for the purpose; the color of the glowing pan and the flexi- 
bility of some small test-pieces, or wafclnnen^ were the painter’s 
guides in regulating the heat. Muffle furnaces, constructed of clay, 
are now generally used, in which the muffle (a quadrangular or arched 
box, similar to that in Fig. 125), placed a little above the grate bars, 
is intended for the reception of the pieces to be burned. It is to be 
observed, that in preparing painted sheets, the brown or black outlines 
are traced on the one side of the sheet, whilst the colors are laid upon 
the other side; with other pieces this is not the practice. 

Fig. 123 represents a section and elevation of the furnace and 
muffle used in France for burning painted glass vessels. Sue , ; Fig. 


Fig. 123. Fig. 124. 
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124 is a longitudinal section of the same; e is the ash-pit, and u its 
door, /the grate, and the fire-door; y y y are the supports for the 
muffle fy cc c the apertures for the escape of the flame, n the chimney 
of the muffle, i i i are ledges on the inside of the muffle, across which 
bars of porcelain are laid, and upon these, plates of porcelain are 
placed, for supporting the pieces of glass to be burnt. 

Enamel Glasses . — Easily fusible glasses, which are employed for 
coating metal and other vessels intended to resist the action of the 
fire, sometimes as a protection to the surface against chemical agencies, 
at others, simply as the medium for communicatingornamentaJ colors, 
are called enamel. Sometimes they are simply composed of transpa- 
rent, easily fusible, lead-glass, for instance, in jewelry and order- 
decorations. At other times, however, they are opaque, and intended 
to mask the natural surface of vessels composed of cast-iron, clay, or 
brass, and to give them the appearance of porcelain. In the latter 
case their composition is different. When any ingredient of the com- 
position, which is incapable of fusion, is disseminated through the 
mass in a state of minute division, or separates in this state during 
fusion, it will remain suspended as a fine opaque precipitate in the 
transparent body of the glass, just as a precipitate may be suspended 
in an aqueous solution. When glass of this kind solidifies, the parti- 
cles held in suspension will be entirely surrounded by particles of 
glass, and being incapable of altering their position, will render the 
mass opaque or milky, inasmuch as the infusible substance is white 
or colorless. This can be produced at any time with similar effect 
by peroxide of tin (SnOg), antimonious acid (Sbfi^), chloride of silver* 
(A^l), and phosphate of lime (bone-ashes). All these produce a 
white precipitate, and consequently, a milk-white glass, but oxide of 
tin and bone-ashes are to be preferred. It is obviously very easy to 
regulate the quantity of these substances, so as to produce a translu- 
cent glass only, or by increasing the quantity, a perfectly opaque 
mass. To the former class belongs the so called bone-glass ; to the 
latter enamel, in a limited sense of the word, for instance, that which 
is used for coating cast-iron, for letters, stone-ware, &c. 

Bone- Glass. — Bone-glass is prepared in considerable quantities in 
the glass-houses, the more common varieties for the shades of lamps, 
&c., from ordinary white hohl-glass, the finer sorts for grinding, from 
crystal, wdth the addition of 8 to 10, and 20 per cent, of white bone- 
earth, according to the degree of translucency required. At the end 
of the melting, the glass is found perfectly clear and transparent in 
the pots, and the milky color is only brought out by working, or rather 
by re-heating, and the oftener this is repeated, the more decided the 
opacity becomes. Light in passing through a troubled or turbid glass 
of this kind, as may be best witnessed wiih a lamp-shade, experiences 
an alteration (by absorption), and a kind of play of color is produced 
(as is the case with milky fluids) which is called opalescence. 

• It is stated by practical men, that glass colored by means Of silver, which is ordi- 
narily yellowish and clear, becomes yellowish and opalescent in an oxidizing Same. 

VOf.. Tf. M 
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Opaline or 'Opalescent. — A milky-white glass, resembling alabaster 
or the opal, is prepared in the ordinary manner, with the addition of 
more't)r Jess bone-ashes in powder. Such glass, \yirh a green tint of 
a superior variety, may be manufactured from a mixture of: 

Bone-ashes, 

Yellow oxide of uranium, and 

Forge-scales. 

It is said that the glass colored with the above mixture is likely to 
change color by the action of the sun’s rays, and that a finer color, 
not liable to the above objection, may be made by substituting oxide 
of nickel for the forge-scales. 

Oxide of tin is also employed instead of bone-ashes, but only in the 
enamels, as it is much dearer, and much more is required to produce 
the same effect. 

Enamel, — Opaque enamel is composed of lead-glass containing 
oxide of tin. In the manufacture of this substance, application is 
made of the well-known fact, that a mixture of tin and lead is very 
much more easily oxidized at a red heat with free access of air, than 
either of the metals separately, in consequence of the affinity of the 
stannic acid produced, for the oxide of lead. A tin-ash containing 
lead, or a lead-ash containing tin, is therefore produced, which yields 
at one and the same time, lead to the flux, and the opaque body, or 
oxide of tin, which, with the alkali and silica, produces at once the 
enamel. 

Rules can scarcely be laid down for the production of this sub- 
stance, which must vary with the degree of fusibility, and with the 
degree of hardness that is required. In all cases, however, the metallic 
ash is first obtained by calcining 1 part of tin, with from 1 to 6 parts 
of lead, in a flat cast-iron vessel, at a dark-red heat, and exposed to 
a current of air. The more diligently the coating of oxide is removed 
by a rake, the quicker is the process finished; notwithstanding the 
minute state of division in wffiich the yellow’ ash is thus obtained, it 
is nevertheless essential that it should be ground and poured off from 
suspension in water previous to use, in order that all metallic granules 
may be removed. The following examples show in what proportions 
the ash is mixed with the other ingredients : 

Four parts metallic ashes (consisting of 4 parts lead with tin), 4 
parts pure sand, I part common salt, or: 

One part ash (composed of equal parts lead and tin), 1 part of 
quartz-powder, 2 parts of purified potashes, or: 

The ash of 3 parts tin and 10 parts lead with 10 parts of quartz 
powder, and 2 parts of purified potashes, or; 

The ashes of 4 parts tin and 10 parts lead, w ith 10 parts of quartz- 
powder, and 2 parts of the purest soda. 

In case the ingredients are not perfectly pure, manganese may also 
be used as a discolorizing material. To ensure more perfect uniform- 
ity and complete combination, the mass is customarily fritted in a 
crucible, and the pulverized frit is then submitted to fusion. 
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Enamel can only be applied aftei ihe fashion of glass pigments, 
that is, with a brush, and must consequently be reduced to the 
finest state of division. The burning is effected in a muffle v, a 
thin clay vessel, healed from with- 
out, the interior of which is nowhere 
in connection with the fire-space 
of the furnace. Fig. 125, the 
mouth of the muffle fitting exact- 
ly the aperture e of the furnace. 

The pierced plate of clay d d an- 
swers the purpose of a grate, and 
is supplied with air by the three 
apertures c c of the ash-pit d. A 
ledge m is erected for convenience 
before the working-hole e of the 
furnace, and is supported by the 
cheeks n n. The aperture J'ls for 
the purpose of stirring the fire, and 
can be closed like any one of the 
others by a clay door. 

Before the work is begun, the 
furnace must be made red hot, 
the pieces are then inserted, and 
the aperture e is closed in such a manner as to leave a small 
crack, through which the fusion can be watched. The success 
of the enameling process depends upon a proper mean being main- 
tained betw^een that temperature which would cause the enamel 
to flow^, and that at which it only imperfectly softens and its surface 
remains rough. The most common defect in the appearance of 
enameled articles, is caused, however, by air-bubbles, which have 
not found an opportunity of fully effecting their escape. These either 
occasion a protuberance, or when they have burst, a concavity, which 
frequently renders it necessary subsequently to give a finish to the 
piece. 

In the ordinary muffle 1^6. 

furnaces, there is consider- 

able risk of bending or 
cockling the plates of glass ; . ; 

while in an open annealing- ^ ' - 

kiln, the direct action of the. j 

fire upon the glass is in- 
jurious. j 

Messrs. Chance and Bad- - j 

ger have patented an im- i 

provement upon both the 

methods. Fig. 126 is a plan ! 

in section of their proposed 
arrangement. Fig. 127, a 

longitudinal section, and _ 


Fig. 125. 




FigvlSSt a transverse section;* a a are fire-places, b b carriages with 
stone beds on which to lay the plate of glass, and c c sheet-iron 

Fie. 127. 



pans inverted so as to cover the glass; d d are small o/)enings and 
pipes in the top of the covers, which communicate wifh tlie outside 
of the point of the kiln to carry off any vapors. The carriages 
are admitted into the kiln at the door e e, and when the door is 
closed, the heat reverberates within the arch, and passes off through 
the chimney 

The carriages and beds are heated before they enter the kiln, so 
as to save time, and the more effectually to protect the glass from the 
smoke and fire, the edges of the covers are fitted into grooves cut into 
the stone beds, and carefully closed with powdered chalk, or some 
other suitable material. 

By this arrangement the advantages of both the old plans are 
secured without their disadvantages. 

Nothing certain can be stated with reference to the composition of 
enamel, as we possess no knowledge of the combination, the separa- 
tion of which causes the opacity or turbul appearance of the cooling 
mass of glass. The analysis quoted at p. 26, corresponds with a 
glass containing 11 equivs. of silica, 5 equivs. of oxide of lead, 3 
equivs. of potash, and 2 equivs. of oxide of tin, whence we can only 
d^uce, that enamel contains more oxide of lead, and less silica, than 
any other species of glass that has been examined. 

In the same manner as white enamel is obtained from colorless 
glass, so colored enamel may be produced from colored glass by the 
addition of enamel. A transparent glass pigment, burnt in upon 
ordinary enamel, also gives the appearance of a colored enamel, in 
consequence of the opacity of the back-ground. The latter process 
forms indeed the principal point in enamel-painting, the effect of 
which is calculated for reflected, and not lor transmitted light. The 
colors are sometimes applied mixed with the flux, and at others are 
previously melted with it, if the coloring metal requires a higher 
degree of heat to enter into combination, than can be produced in the 
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enaiQ€ling*fit)rnace. In the former case, the pigment is a simple 
^lass mixture, which is converted into glass by burning; in the other, 
It is a perfect glass, which is only melted on in the enameling-furnace. 
The pigment must, of course, be more easy of fusion than the enamel, 
and whenever several colors are burnt in, the upper or last mint 
always be more easily fusible than those which have preceded it. 
The same furnace, however, which is shown at Fig 125, serves for 
all these operations. 

It is now very common to coat the iron vessels used for domestic 
purposes with a species of enamel, which is done in the following 
wray. The utensil is first washed with weak sulphuric acid, and then 
with cold water. It is now^ dipped in a mixture of 

Quartz, previously fused with borax ) in the form of an im- 
Felspar J palpable powder, 

Clay, free from iron, and 

with sufficient water to make a tolerably clear liquid. 

The inside is afterwards dusted with a bag containing a mixture 
of felspar, carbonate of soda, borax, and a little oxide of tin, in the 
state of fine powder. 

The utensil when dry is submitted to the proper heat in the ena- 
meling-furnace ; the coating which results is very white, and resists 
the action of the fire, as well as that of acid and alkaline solutions. 

Aventurine* — Under the name of aventurine, a species of colored 
glass was formerly manufactured at Venice, and adapted to orna- 
mental purposes and trinkets, the appearance and properties of which 
were due to the same circumstances that occur in the mineral (r. 
species of rock crystal) bearing the same name. It consists of an 
easily-fusible, browMi, or in thin layers, yellow mass, enclosing nu- 
merous fine, yellow laminae with a metallic lustre, which give a 
peculiar appearance to the w'hole. The common statements, that 
aventurine glass is produced by melting scales of metal or mica with 
the glass, are for this reason untenable, that under the microscope, 
these scales appear as regular three or six-sided tables, perfectly 
crystaline in structure. The mean of several analyses yielded Woh- 
ler the following numbers: 

Silica (with traces of oxide of tin) - - 65.2 


Phosphoric acid - - - - 1.5 

Oxide of copper - - - - 3.0 

Oxide of iron . • - - 6.5 

Lime .... - 8.0 

Magnesia . • - - - 4.5 

Soda 8.2 

Potash . - - - - 2.1 


A trace of alumina with sulphuric acid - — 

99.0 

Whence it follow’s that the mass is really an ordinary glass, remark* 
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ably deficient, however, in basic constituents, and which owes its other 
properties and its color to the copper (suboxide) which it contains.* 
The opacity of the laminae is in favor of their metallic nature, and the 
similar appearance and crystaline form of the metallic particles ob- 
tained by the reduction of a salt of copper by means of phosphorous 
or sulphurous acid, render it probable that the brilliant scales in aven- 
turine are minute crystals of metallic copper, produced by the addition 
of a powerful reducing agent to the melting cupreous glass. Perfectly 
similar scales have also been found in the slag from the copper-refining 
furnaces.f 

Glass^Mosaic . — The difficult, and consequently rarely executed, 
glass-mosaics (better known as millejiori)^ presents a very peculiar 
appearance, \vhich, inasmuch as it depends upon reflected light, re- 
sembles that produced by enamel-painting. Rome has always been 
the principal seat of this art, which must not be confounded with the 
glass-mosaic of the ancients, produced by the combination of discs of 
colored glass. 

The material for these works of art consists of a number of thin 
rods, half an inch in length, composed of very easily-fusible glass of 
all possible colors and tints, which are prepared in manufactories 
erected specially for this purpose. Masses of colored glass are pre- 
pared in these manufactories, from which a kind of cake is formed ; 
this is then converted, by the peculiar manipulation of the workmen 
with the aid of a sharp hammer and an anvil, first into slabs and 
then into the little rods mentioned above. In this form the material 
is supplied to the artist, who softens it in the flame of a lamp, and 
draw’s out each rod into a thick thread, and breaks ofT a piece of the 
thickness of the intended picture. These pieces are then arranged one 
after the other, according to the design on a cartoon, on a slab of 
copper covered with a layer of cement, which serves for the reception 
and fixing of the picture. When the whole slab is covered, the sur- 

* G^mpare Peligot's Analysis of Venetian Aventurine, given at page 2G. 

j- It has often been a matter of some difficulty to account fur the existence of colore«l 
glasses amongst the ancients, when we know that they were totally unact jiiainted with 
the chemistry of the metals, and their combinations, &c. The dilhculty is most satisfac- 
torily solved by the observation of Knox, who found that all ilje metals, with the excep- 
tion of platinum, are dissolved as such by melting glass and impart color to it, if the heat 
necessary for combination is kept up for a sufficient length of time. Similar obscrvaiionH 
have been made, generally by chance, in glassdiou.scs. Knox has shown that lead and 
copper are dissolved in small quantity ; tin, antimony, and bismuth, with greater ease, 
and iron the most readily of all the metals. Gold imparts a green color in the lirsi in- 
stance, which subsequently becomes purple, and of a darker hue the more silica there is 
in the glass. 

In one of the Roman tombs which were discovered in constructing a road, some frag- 
ments of a beautiful white glass vessel were found, which were remarkable Ibr their 
great weight. Girardin found that the glass contained a considemble cjuaniiiy of lead 
and some copper. The manufacture of leaiJ-glass appears, theref(>re, to have l>een known 
to the ancients, although they make no mention of it. Another blue glass, from an 
Euuscan tomb, was found to contain cobalt, and this metal was also shown by Davy to 
be the coloring oxide in an antique blue glass. The ancients, it appe^nrs, iookeii uf>on 
cobalt as a species of copper, an error which was first exjKised by G, Brandt, in 1742. 
Another blue glass, found in France, was, on Uie contrary, colored with the cwruleuro of 
yiuruvius.— C'Asm. Go*., v. 199. 
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face, which is uneven and unsightly from the unequal lengths of the 
lijtle rods, is ground and polished. After the removal of the polish- 
ing powder, the interstices between the rods are filled with wax, 
which must correspond in color with the different parts of the picture. 
The largest know^n mosaic painting, taken from the Lord’s Supper 
of Leonardo da Vinci, which is twelve feet high and twice as long, 
occupied the time of eight or ten artists daily during eight years. 

There yet remain a few mechanical manipulations and curiosities 
in the art of glass-making, which are interesting in several points of 
view, and require some explanation. 

Incrustations in Glass . — When a transparent fluid rests upon a 
rough surface which is not moistened by it, a layer of air is included 
between the two, which causes the under surface seen through the 
fluid to appear like dull silver. This phenomenon may often be wit- 
nessed when drops of rain remain upon the woolly leaves of certain 
plants; indeed, this simple observation first incited an ingenious glass 
manufacturer of Bohemia to endeavor, with proper means, to ob- 
tain the same effect in glass. The result of his endeavors came 
up to his expectations, and the invention has since been called that 
of the glass-incrustations. The best material for the rough surface 
are impressions taken in pure burnt pipe-clay, biscuit porcelain not 
answering so well, as it is less porous. Care must be taken in dry- 
ing and burning these impressions, in order that the peculiar porosity 
and roughness of the surface, upon which everything depends, be not 
impaired. When a cast of this kind is pressed into a soft mass of 
glass, another layer of glass poured over it, and the whole exposed to 
the heat of the furnace until proper contact has been effected, the 
glass appears to attach itself intimately to the clay, but in reality a 
thin stratum of air is enclosed betw^een the two, which, on looking 
through the ground and polished surface of the glass, gives the white 
cast the most perfect resemblance to dull silver. If the glass is color- 
ed of the proper yellow tint, the appearance of dull gold is produced. 
Actual bubbles of air must of course be Ccarefully excluded by the 
workman, and this is not very easy when the glass is refractory. 
These beautiful ornaments can be incorporated in any glass vessel, 
provided the glass is of sufficient thickness. 

Gilding . — Vessels which are not often used, and are not liable to w ear, 
may easily be gilt by fixing leaf gold upon them with copal-varnish. 
Real gilding is, however, much more durable, and is effected by the 
aid of heat. For this purpose, a solution of gold in aqua regia (chloride 
of gold) is precipitated by potash or green vitriol, when a very finely 
divided browm pow’der, consisting of metallic gold, is obtained ; this 
is washed, and dried, and rubbed up with a proper flux, e. g. anhydrous 
borax (vol. i. p. 310). This mixture is then easily applied with a 
brush, having been previously mixed with oil of turpentine or gum- 
water. When the dried pieces are now heated in the muffle, the 
volatile oil escapes, the gum is consumed, and the borax melts and 
firmly attaches the gold dust to the surface of the vessel. 

Fig. 129 represents the muffle and furnace of M. Bastenaire 
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DmdensLTtf used for firing the gilded vessels. The inferior is com- 
posed of iron-plate, with a lid and chimney c; the whole of this iron 
muffle is surrounded with red-hot coals; e e are apertures for affording 

Fig. 129. 



air to keep up the combustion ; a is an aperture through which small 
samples can be introduced, by means of which the heat can be regu- 
lated. The pieces are placed upon sheet-iron shelves. 

Dumas remarks, that the heat in this muffle must be considerably 
higher in the upper part than in the lower, and that an ordinary 
muffle-furnace would probabfy afford a greater uniformity of tempe- 
rature. 

The gold is dull, yellowish-brown and without lustre when first 
removed from the fire, but acquires lustre and. its peculiar color by 
the friction of a burnisher made of agate or blood-stone. 

Silvering . — Silvered glas^is not remarkable for beauty, and is sel- 
dom seen; silver, precipitated from solution by copper, can, how- 
ever, be applied to glass, and burnt in, as was the case with gold, 
or glass may be silvered in the manner already described under plate- 
glass. 

Coppering . — According to R. Mallet a copper surface can be given 
to glass by galvano-plastic agency, of so great tenuity, that 1 grain 
of copper covers about 90 square inches of surface. The surface of 
the glass is coated with turpentine or Canadian balsam, and powdered 
graphite is strewn over it ; one end is then connected with a copper 
wire, and the whole is plunged into the solution of sulphate of copper 
in the galvano-plastic apparatus; in a few hours it is covered with a 
close stratum of copper, w^bich is well adapted for chemical purposes, 
but not for ornament. 
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Dr, Eisner has proposed to accomplish this object by a slight modi*^ 
fication of the method recommended by Dr. Mohr. He dissolves 2 
parts of asphalte and 1 part of mastic in turpentine, and applies this 
varnish reduced to the consistence of a syrup, by means of a brush, 
to the surface of the earthenware vessel. While the varnish is still 
soft, finely pounded graphite is sprinkled over the whole surface, so 
as to render it a good conductor. The vessel is now suspended in a 
concentrated solution of sulphate of copper, and connected w ith the zinc 
pole of a Daniell’s battery. A strip of copper inserted in the vitri- 
olic solution is connected with the copper pole. The vessel is soon 
coated with a layer of copper possessing the beautiful red color of 
this metal w^hen reduced by electricity, and is so hard and adhesive 
as to be capable of receiving a polish. 

When glass or porcelain vessels are to be coated, the above process 
is modified in the following way. The surface of such vessels is 
exposed to the action of the vapors of fluoric acid, until it becomes 
sufficiently corroded to retain the sprinkling of graphite pow^der, when 
the coppering may be commenced as described in the case of earthen- 
ware or unglazed vessels. The use of varnish is dispensed wdth, as 
the graphite adheres to the rough surface. 

The above process might be advantageously applied to the coating 
of unglazed vases and ornaments for gardens. 

Platinizing . — The same process is practiced for coating glass with 
platina, which is precipitated directly from solution upon the glass, 
but it is not so applicable as in the case of gold. According to Ddbe- 
reiner, an alcoholic solution of chloride of platinum (PtCl^) is evapo- 
rated to dryness, the dry mass is redissolved, and again evaporated 
until the residue is no longer precipitated by a solution of sal ammo- 
niac, and is completely converted into the chloroplatinate of chloride of 
acetyl (C^H 3 Cl + PtCl). When glass is coated with a solution of 
this compound, and heated (over a spirit lamp, for instance), the 
platinum is precipitated as a metallic mirror over the whole surface. 

LudersdorflT recommends the following mixture for platinizing 
glass or porcelain. — 4 parts of chloride of platinum dry, 4 parts of 
alcohol of 95 to 96 p. c. are slowly mixed with 5 partsof oil of lavender. 
The platinum is contained in this solution in the state of protochloride, 
held in solution by the hydrochloric and acetic acids which are pro- 
duced. This is painted with a brush upon the vessels, and they are 
then exposed in the muffle to a dark-red heat (for stoneware and easily 
fluid glass) for half an hour; if a lower t^perature is employed, the 
reduced platinum does not adhere to the vessels; if the temperature 
is higher, the lustre of the platinum is diminished — with porcelain 
and hard glass a bright-red heat may be given ; but as soon as this 
is attained, the heat must be moderated. The lustre is at last brought 
out by friction with wool and w^et-chalk-powder. Glass mirrors thus 
obtained are said to Be very perfect. 

Reticulated Glass , — Amongst the mo^t beautiful ornamental pro- 
ductions of old Venetian art, are the so-called reticulated glasses^ pro- 
duced by a kind of net-work, consisting of small bubbles of air, 
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enclosed within the mass, and ranged in regular series, crossing and 
interlacing each other. The art of preparing these glasses was lost 
for a long period, but has been again revived by Pohl. In order to 
produce this ornamental appearance in any part of the glass vessels, 
hollow glass cones or conical tubes are kept at hand which already 
contain this net-like arrangement of air-bubbles, and can be inserted 
at any part of the vessels, for instance, in the stem of wine-glasses, 
&c. The chief thing, therefore, is the manufacture of these tubes, 
which are made by arranging a number of small narrow glass rods 
round a centre, so as to form a cylinder, and fixing them in this po- 
sition by melted glass. The hollow cylinders are then heated until 
the single rods stick together, when they are drawn out on the pipe 
to a long cone, and spirally twdsted at the same time, the one half to 
the right and the other to the left. When one of these hollow cones is 
inserted into the other, and the two are heated until they fuse together, 
wherever the little rods cross each other a bubble of air will be en- 
closed, and this will occur in a very regular manner, and produces, 
indeed, the reticulated appearance. 

Glass Beads , — Besides the invention of mirrors and reticulated 
glasses, for which w^e have to thank the Venetians, the art of making 
glass beads was also first discovered in the glass-houses of Murano, 
and is practiced there at the present day, on a very extensive scale. 
The small glass beads are fragments cut from pieces of tubing, the 
sharp edges of which have been rounded by fusion. Glass tubes of 
the proper size are first drawn from 100 to 200 feet in length, and of 
all possible colors (in Venice they prepare two hundred different 
shades), and are broken into len^hs of two feet. These are then 
cut by aid of a knife into fragments of the same length as their 
diameters; they now present the form of beads, the edges of which, 
however, are so sharp, that they would cut the thread upon which they 
have to be strung. The edges have consequently to be rounded by 
fusion, and as this operation must be performed upon a great number 
at once, and they must not be allow^ed to stick together, they are 
mixed with coal dust and powdered clay, previous to being placed in 
the revolving cylinder in w’hich they are heated,* The finished beads 
are then passed through sieves, sorted according to their size, and 
strung upon threads by women. Besides the ordinary knitting beads, 
another kind is manufactured, called perles d la lune^ which are firmer 
and more expensive. These are prepared by twisting a small rod of 
glass softened by a glass-blower’s lamp round an iron wire. 

The glass beads made in imitation of natural pearls for toilet orna- 
ments, the invention of which dates from the year 1656, are very 
different from the preceding, both as regards their application, mode 
of production, and origin. These are small solid glass beads of the 
same size as native pearls, vrhich they are made to resemble by a 
coating of varnish, and which gives them a peculiar pearly lustre and 

* Sand and wood-ashes are also stirred together with the beads before heating them, 
that the perforations may be filled by the sand, and the sides thus prevented from falling 
together in the subsequent process. 
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color. A maker of rosaries, by name Jacquin, was the first to dis- 
cover that the scales of a species of fish {Cyprinus albumus)jOV bleak ^ 
communicate a pearly hue to water. Based upon this observation, 
glass globules were first covered on the outside, but at a later period, 
on the inside, with this aqueous essence ; the costly essence, however, 
of which only \ lb. could be obtained from the scales of 4000, was 
subject to one great evil, that of decay. After trying alcohol without 
success, in consequence of its destroying the lustre of the substance, 
sal ammoniac was at length found to be the best medium in which to 
apply the essence; a little isinglass is also mixed with it, which causes 
it to adhere better. The pearls are blown singly at the lamp, a drop 
of the essence is then blown into them through a thin tube, spread 
out by rolling, and the dried varnish is then covered in a similar 
manner by a layer of wax. 

When the inner surface of the glass pearls is covered in this man- 
ner with colored wax instead of the essence, the well-known glass 
corals are produced, which, with the larger kinds of glass pearls have 
proved of no small importance as articles of barter or commerce with 
savage nations. 

(^lass spinning . — The excessive pliability of softened or melted 
glass admits of a drop being extended in the form of a thread of in- 
credible length and of almost immeasurable fineness. The drawn- 
out end of a glass rod has only to be attached to a revolving-drum, 
whilst the rod whence the thread proceeds is held in the glass-blower’s 
lamp, in order to obtain in a few minutes several ells of spun glass. 
The thread possesses of course the color of the glass, but its tenuity 
is so great that the color is scarcely perceptible, unless very deep 
shades have been employed. Viewed in mass, spun glass exhibits a 
very brilliant lustre, far exceeding that of silk, and it is of course 
very much more durable. These properties, as well as the low price 
of glass, naturally suggested to manufacturers the advantage of mak- 
ing it a material for spun fabrics. The attempts which have been 
made in that direction, have not, however, met with success; although 
it was found applicable to unimportant ornamental articles, such as 
girdles, feathers, &c. Great difficulties presented themselves, when 
an attempt was made to convert it into stuffs for clothing in the loom. 
The object to be achieved consisted in producing the threads of such 
uniformity and firmness, that they did not break when bent at a very 
sharp angle. Glass, as it is usually spun, is liable, when woven, to 
break in a great number of places, and sharp prominent points are 
thus exposed which excite the skin in a very unpleasant man]:\fr. 
This branch of manufacture has nevertheless been revived with suc- 
cess by Olivi, Dubus-Bonnel and Bouillon. Dubus more particularly 
has succeeded, by means of steam as it is stated, in producing glass 
thread that can be knotted and woven into fabrics on Jacquard’s ma- 
chine, which are equal in every respect to the most beautiful gold and 
silver brocade. The particulars of this branch of manufacture have 
not yet been made public. * 

Etching in glass . — It has already been noticed among the general 
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properties of glass, that it is energetically attacked and rapidly de^ 
composed by hydrofluoric acid only. One portion of the silica is 
carried away in this process with the fluorine, as fluosilicic acid gas 
(SiFlj), whilst the remainder is left with the other constituents of the* 
glass as a floceulent powder on the part eaten away, whence it can 
easily be removed. This process has long been used as a means of 
etching on glass, and is accomplished by covering those portions of 
the glass that are to remain unacted upon by the acid, with some 
substance that is not affected by it, whilst that portion of the vitreous 
surface on which the letters, figures, &c., are to be engraved is freely 
exposed to the chemical agent. Wax is used as the etching-ground, 
or better, a mixture of asphaltum, mastic, and some oil of turpentine, 
with which the warm glass is uniformly coated, and the drawing then 
executed with a needle. The point of the needle removes the ground 
on one side, and exposes those parts of the glass which it traces to 
the action of the acid. When fluoride of calcium (CaFl) is now 
covered with concentrated sulphuric acid in a leaden vessel and 
gently warmed, hydrofluoric acid vapor is evolved, by reason of the 
exchange of calcium for hydrogen in the fluoride of calcium, while 
sulphate of lime (CaOjSOg) and hydrofluoric acid (HFl) are pro- 
duced. In a few minutes the uncovered portions of the ‘surface of 
the glass which has been held over the leaden vessel, are found as 
deeply etched as in an engraved copper plate, and the etching is 
deeper in proportion to the time the glass has been exposed to the 
vapors. It is thus possible to produce gradations in the amount of 
etching by covering the less deep portions after the first exposure with 
etching-ground, and exposing the others a second time to the vapors. 
Glass may be etched equally well by surrounding it with a rim of 
wax, and covering it with a solution of hydrofluoric acid. When the 
etching is finished, the etching-ground is cleaned from the glass by 
heat and washing with oil of turpentine. The scales on thermometer 
tubes, inscriptions on glass vessels, &c., are thus advantageously and 
indelibly fixed. 

The possibility of etching upon glass soon led to the idea of mak- 
ing it subservient to typographical uses in place of copper plates or 
stone; ink laid on to an etched glass plate will necessarily remain in 
the concavities and produce an impression upon paper that is pressed 
upon the plate. The hardness of glass adapts it particularly for this 
purpose, and, when compared with copper, it is scarcely injured at 
all by use, and there is no possibility of the etched lines merging 
on^ into the other under the press; a vast number of impressions may 
consequently be taken from the same plate, and this can be made 
by the artist in the same number of days, as months would have been 
occupied in preparing a copper plate. But very serious objections 
interfere with this application of glass. In the first place, the brit- 
tleness of the glass renders the plates liable to break under the rollers; 
the effect of the hydrofluoric acid vapors to which the workmen are 
exposed is very injufious, and lastly, there is no possibility of mend- 
ing or remedying any lines that may have been too deeply etched, 
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which in the case of copper plates is easily done by forcing the edges 
together with the polisher. The first difficulty was soon overcome by 
cementing the plate of glass into a frame work, or upon a strong plate 
of cast iron. The glass cannot then be broken, as no portion is un- 
supported ; it cannot therefore be bent, and the force of the press "will 
only tend to crush the glass, and for this it is totally insufficient. 
Latterly the use of glass in typography (hyalography) has ^een re- 
vived by Bromeis and Bdttiger, who assert that they have conquered 
all the difficulties, by employing a new method and means of etching, 
which is not in the least injurious to the workmen, which requires no 
heat in its application, and gives rise to no gases or vapors; they pre- 
vent the breakage of the plates by a method similar to that already 
described. The etching substance is also said to be of such a cha- 
racter, that the same quantity may be used one hundred times without 
perceptibly losing any of its original power. The inventors also 
maintain that the etching maybe re-touched or improved with facility 
at any part without injury to the rest of the drawing; but this appears 
in direct contradiction to all the known properties of glass. The im- 
pressions are very sharp and clean, and in this respect unobjectionable, 
but they appear remarkably stiff and hard ; although this property 
may possibly exclude the use of glass for purposes of art, it renders 
it very appropriate for engraving maps, visiting cards, bank notes, and 
the like. 

Bedford has patented a peculiar process for etching glass, w’hich 
consists in grinding 5 parts of puce-colored oxide of lead (peroxide), 
and 1 part of flux (the flux employed being composed of 17 parts 
glass of borax, and 13 parts of red-lead fused together) with turpen- 
tine ; with this composition the artist paints the devices or designs 
upon the surface of the glass to be etched. If colored glass is to be 
etched, acetate of lead is substituted for the oxide of lead above. The 
vessels are then dried and fired in the same manner as in gilding 
glass (See Fig. 129). When cold, the vessels are dipped in a weak 
solution of nitric acid, and as soon as the painted designs are acted 
on, the articles are placed in water, and the preparation is removed 
from their surfaces. 

Cast- Glass Plates as Ventilators, — Mr. Lockhead has recently se- 
cured a patent for preparing perforated sheet or plate-glass, which he 
applies to the purposes of ventilation in rooms, walls, ships’ sides, &c. 

Fig. 130 shows the manner in which it is proposed to adapt these 
plates to the top of a common window ; the sash being down, the air 
enters through the apertures in the fixed perforated plate. Fig. 131 
represents a square of glass with a round ventilator in a frame, for 
buildings, &c. These perforated plates are prepared in the same 
manner as plate-glass, the metal being poured upon a casting-table 
from the pot, in a liquid state, and rolled out in the first instance by, 
an ordinary smooth roller. W'hile the metal is still in the soft pasty 
state, a second roller, wdth projections upon its surface, is either passed 
over the glass, which cuts the holes in its passage, without injnVing 
the casting-table below ; or moulds, with projections having the shape 
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Fig. 130. 


Fig. 131. 



of the future holes, are pressed down upon the soft metal, and re- 
moved as soon as the latter has become solid. The plates thus per- 
forated are subsequently annealed, ground, and polished in the usual 
manner. 

Metallic Letters fixed on Glass . — A novel application of brass letters 
to the surface of panes of glass, by means of a cement, has been very 
recently introduced by M. Lamenaude. The cement with which 
these metallic letters are attached to the vitreous surface, is composed 
according to one or other of the following recipes : 

Copal varnish 15 

Drying oil 5 

Oil of turpentine - - - - 3 

Essence of turpentine - - 2 

Animal glue 5 

Sandarach and galipot 
resin varnish 
Drying oil - - - - 
Oil and essence of tur- 
pentine 

Copal varnish and gum lac, mixed 
Drying oil - 


15 


Dissolved in a water bath and 
mixed with 10 parts of hydrate 
of lime. 


Mixed together and incorporated 
with 10 parts of Spanish white 
and dry white lead. 

15 
5 
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Solution of caoutchouc or gutta percha - - - 3 

Tar oil - - - - - - 7 

Roman cement and plaster of Paris mixed in powder - 10 

Or, 

Copal varnish and colophany resin - - - 15 

Oil and essence of turpentine - - - - 5 

Isinglass in powder ----- 2 

Iron filings or blacksmiths’ cinders ground and sifted - 3 

Washed earth, ochre, or rottenstone - - - 10 . 


Glass Boring , — It is often necessary for practical purposes to bore 
holes in glass, and this operation, in consequence of the hardness of 
glass, is not unattended with difficulty. It will be found advantage- 
ous for this purpose to moisten the points of the steel instruments, 
drills, &c., with a little oil of turpentine in which some camphor has 
been dissolved ; the glass is then found to work with much greater 
ease, and holes of any size can be bored. 


SOLUBLE GLASS. 

The silicates of the alkalies which are not mixed with any propor- 
tion of earthy silicates are of practical importance in a very different 
point of view^ from ordinary glass. When silica is fused with an excess 
of carbonate of potash, the oxygen of the carbonic acid that is ex- 
pelled is precisely equal to that of the silica which replaces it in com- 
bination with the tsoda; a combination of 3 eqs. potash with 2 eqs. 
silicic acid is produced, which is remarkable for its deliquescent 
property, and which, when dissolved in water, is known as soluble 
glass {liquor silicum). This liquid can also be obtained by dissolving 
precipitated silica in caustic potash."^ The same degree of solubility 
is exhibited by the less basic compound discovered by Fuchs, called 
soluble glass, which contains 3 eqs. of potash to 8 of silicic acid, and 
this is of more importance in the arts, as, although soluble in hot, it 
is very little soluble in cold water, and consequently is not deliques- 
cent. Soluble glass may be obtained in a purer form by completely 
saturating a solution of caustic potash with precipitated silica, and 
evaporating the solution ; or more economically and sufficiently pure 
for technical purposes, in the following manner: 15 parts of powdered 
quartz or pure sand are melted with 10 parts of potashes, and 1 part 
of charcoal, in a crucible, until complete vitrification occurs. The 
charcoal is here employed to aid in vitrifying the potash by decom- 
posing the sulphuric acid, and also the carbonic acid into carbonic 
oxide (C02+C=2C0). The mass of glass is difficult of fusion, hard, 
filled with bubbles, and of a grayish-black color ; when the potashes 
are not pure, foreign salts are introduced into the mixture, as chloride 
of potassium, carbonate and sulphate of potash, and more particularly 

* That a soluble silicate could be obtained by treating powdered glass with caustic 
ley, which deposited silica ou the adtlition of an acid, was known to Van Helmoni, ac- 
cording to Kunkel. 
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sulphuret of potassium, which is very objectionable on account of the 
disagreeable odor which it occasions. These substances, however, 
are easily separated by pulverizing the mass, and exposing it to the 
air. Entire pieces attract moisture on their surface under these cir- 
cumstances, and cracks appear, but they are not essentially altered; 
the powder, on the other hand, is so hygroscopic, particularly when 
it is frequently turned over, that the foreign salts are readily dissolved 
and carried away by the water. In this state the whole is treated 
"with cold water, in which these salts dissolve completely, and the 
soluble glass which remains is thoroughly washed with water. The 
purified mass is now boiled with 5 parts of water, in which it slowly 
but entirely dissolves. The dilute solution is rather quickly decom- 
posed by the carbonic acid of the atmosphere with the separation of 
silica, and the solution for technical purposes must consequently be 
evaporated until it attains a specific gravity= 1.25. In this salable 
state, the glass forms a sticky, syrupy, somewhat turbid liquid, which 
throws up a scum when boiled that can be re-dissolved. It easily 
gelatinizes on cooling, and dries up when exposed to the air, without 
perceptibly absorbing carbonic acid, in the form of a clear, transparent, 
colorless, brittle, but not very hard glass, containing 26 per cent, 
potash, 62 per cent, silica, 42 per cent, water. This glass has an 
alkaline taste and reaction, as has also the solution; it is, itself, in- 
alterable in the air, but when exposed, its surface becomes covered 
with an efflorescence of foreign salts, which can be removed by cold 
water. The solution of the glass is miscible in all proportions w’ith 
water, but is precipitated unchanged"^ by alcohol. 

Soluble glass may be more advantageously prepared, on account 
of the greater purity of the product, and with the same facility, by 
fusing together 1 part of quartz with 2 parts of crystalized soda. 
Although the composition of this product is different, it contains 2 
equiv. soda to 3 equiv. silicic acid, yet the mode of preparing it is 
the same, and its properties resemble those of the potash glass. 
When soda and potash both enter into the composition of the glass 
(15 quartz, 5 potashes, 4 dry soda) the mass is rendered more easy 
of fusion, as the simple silicates of soda and potash are more refractory 
than the mixed silicates. 

The chief application of fusible glass is for coating combustible 
substances,, as wood, stuff, paper, &c. It diminishes the inflamma- 
bility of these bodies by forming, w^hen dried upon them, a layer of 
glass that impedes the free access of air, and thus removes the most 
essential condition for combustion. Wood covered with fusible glass 
and held in a flame, is in the same condition as w^ood in a charcoal 
furnace. It is subject, in the first instance, to the decomposition 
caused by heat alone, or to dry distillation. Combustible gases are 
evolved, the combustion of w^hich cannot of course be prevented by 
the coating of glaze. The layer of glass being very thin, it will 
naturally soften with the heat, and sw^ell ; the gases will at last burst 

* This statement is made by Fuchs j but Forchliarnmer found the precipitated laJt 
composed of SKOjlGSiOj. 
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the coating, and eventually the wood itself, the interior of which being 
then freely exposed to the air, must necessarily burn, being no longer 
protected by the glaze. It must, therefore, not be supposed that 
soluble glass renders these substances incombustible, its use is con- 
fined to rendering them less susceptible of taking fire. Soluble glass 
exerts no injurious action oh the substances to which it is applied, it 
covers well, and forms a perfectly transparent varnish ; it is preferable, 
for these reasons, to other substances, such as clay-water, which is 
also used to diminish the inflammability of combustible bodies. In 
order to produce a permanent covering, it should not contain any 
large amount of foreign salts, w^hich would effloresce on the surface; 
and the first coat that is applied must be very dilute, in order to 
penetrate the substance of the material before the subsequent coats 
are laid on. Every layer should be allowed to dry for 24 hours before 
a fresh layer is given; if this precaution is not observed, the whole is 
liable to crack and peal off. The tendency to crack and peal off is 
not so prominent in soluble soda glass, as in the other varieties. 

Soluble glass is still more serviceable when it is not applied alone, 
but with some other pulverulent substance as a body, in which case 
it plays the part of a cement. Ordinary glass powder, or that of 
crude soluble glass, chalk, slag, bone-earth and clay, may all be 
used for this purpose. In the Theatreat Munich, where 465,300 
square feet of wood surface was coated with soluble glass, it w’as 
found advantageous to mix it with J^th of ferruginous clay. It must 
not be overlooked that a chemical decomposition frequently accom- 
panies the use of these substances with soluble glass. The alkaline 
salts, (particularly the carbonates, chlorides, and most of all, sal 
ammoniac) produce a gelatinous, pasty precipitate in solutions of 
soluble glass; sal ammoniac also evolves ammonia. The salts of the 
earths produce precipitates containing potash, the earth and silicic 
acid; alumina exerts a like action, and similar insoluble compounds 
are formed by the addition of the alkaline earths (for instance, by 
hyd^fete of lime). A portion of potash is in every case separated from 
the soluble glass, which either takes no part in the formation of the 
precipitate, but remains free in the solution, as in the last case, or 
combines with the acid of the salt which has been added. The same 
applies to the salts of the heavy metals, i, e, iron and copper. Nor 
is the action of soluble glass less energetic upon different insoluble, or 
very difficultly soluble salts, for instance, sulphate, carbonate and 
phosphate of lead, phosphate of alumina, gypsum, &c., which, when 
rubbed up with soluble glass, all form pasty masses, that become 
hard like stone on exposure to the air, in consequence of the mutual 
decomposition which ensues. 

Dry powdered soluble glass has proved a very beneficial addition 
to a solution of the same substance, whilst oxide of lead under the 
same circumstances affords a mass that contracts very much, and 
easily peals off ; ^^th of lead as an addition to soluble glass has only 
been found applicable to linen or woven cloth, the texture of which 
admits of its yielding with the contraction. Simple immersion of the 
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cloth in the solution has not been found to suffice, but pressure (be- 
tween rollers for instance) must be employed, in order thoroughly to 
impregnate the fibre of the cloth with the solution. Impregnated in this 
manner, the cloth can be rolled up when dry, but cannot be folded. 

Soluble glass may be employed as a paint in rooms, the walls of 
which have been previously coated with a mixture of sand, clay, and 
soluble glass. Coatings of this kind preserve a remarkably fresh 
color, and can be washed with water from time to time. It must, 
however, be observed that many colors, as Prussian-blue, vegetable 
lakes, &c., are changed or destroyed by the alkaline reaction of the 
soluble glass when brought into immediate contact with it. 

Soluble glass may also be employed as a cement for glass and 
porcelain vessels, and excels most other matters that are used for the 
same object. 

Lastly, Kuhlmann has recently called attention to the fact, that 
pieces of chalk or gypsum, or objects composed of these ‘materials, 
may be easily silicified by impregnating them with soluble glass and 
exposure to the carbonic acid of the atmosphere. This silicification 
penetrates a considerable depth into the mass, and even when only 3 
or 4 per cent, of silica has been taken up, communicates a degree of 
hardness to the objects, which is comparable with that of marble, and 
renders them capable of taking a fine polish. 


THE MANUFACTURE OF ALUM AND VITRIOL. 

OF ALUM. 

Definition , — The term alum is applied scientifically and collect- 
ively to a number of double salts, which are composed of very differ- 
ent proximate elements, arranged, however, in the same manner. 
The constitution of these salts may be expressed by the general for- 
mula M0,R03+M203,3R03-4-24 aq. in which R represents the radi- 
cal of the acid, and M the metallic salt basyle. Alums are known in 
which the acid is chromic acid (Cr03), in others it is sulphuric acid 
(SO3); some contain potash (KO), in place of MO in the general for- 
mula, others soda (NaO), and, again, others oxide of ammonium 
(NH^O); the base, M2O3, may be at different times oxide of iron 
(1^6303), alumina (AI2O3), or oxide of chromium (Cr203). In conse- 
quence of the power which these different bases and acids possess of 
replacing each other in variable proportions, some only, or several of 
them may take part in the formation of one and the same crystal of 
alum; in every case, however, the crystal wdll contain 24 equivs. 
of water of crystallization. 

Commercial Application , — Two of these compounds only are ap- 
plied in the arts, and these are composed of sulphate of alumina in 
combination with sulphate of potash, or sulphate of ammonia, or both 

together, | > S03-f Al203,3S03-f 24 aq.) Potash-alum is sim- 

ply called ‘‘alum” amongst practical men, whilst the other variety 
is distinguished by the name of “ ammonia-alum.” Both are of equal 
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value for manufacturing purposes. These bodies are mainly used in 
the arts for the alumina which they contain, and the sulphate of potash 
and water of crystalization are in themselves superfluous. The pos- 
sibility, however, of producing a cheap and pure salt of alumina in 
large quantities is dependent on the property which alum possesses 
of crystalizing in large crystals, and this qualify of purity in the salt, 
renders it worth the manufacturer’s while to pay for the water and 
alkaline sulphate in the compound. In fact, sulphate of alumina is 
soluble in 2 parts of cold water, and is consequently very difficultly 
separated from the other extraneous salts, particularly from sulphate 
of iron, which accompany it in the process of manufacture, whilst 
alum, on the contrary, from the ease with which it dissolves in hot 
water and its slight solubility in cold, is easily separated from any 
deleterious substances of that kind; 1 part of crystallized alum at 
12^.5 C. (55° F.) requires 13.3 parts of w’ater to dissolve it, at 87°. 5 
C. (190° F.), however, only 0.06 parts. 

J^ative Alum, — Alum, like saltpetre and carbonate of soda, occurs 
as an effloresced salt, and is met with in volcanic districts in the form 
of a white floccular covering, produced by the action of sulphuric 
acid vapors upon lava and trachyte substances containing alumina 
and potash, in a similar manner to that in which artificial alum is 
obtained. In this form it occurs in Auvergne in the south of France, 
in Sicily and the volcanic islands on its northern coasts, but more 
particularly in the neighborhood of Naples, in the Grotta di Alume 
(on Capo Miseno), and in the Solfatara. 

The effloresced salt is collected in these localities, dissolved in 
water, and allowed to deposit the insoluble matters by standing. The 
clear solution atfjrds on evaporation an impure alum, which is re- 
crystalized, and brought into commerce as a very pure product. No 
fuel is used for the evaporation, but the natural volcanic heat of the 
soil (40°= 104° F.) in which the leaden pans are imbedded. Native 
alum forms, how’ever, a very small portion of that w’hich is consumed 
in Europe.* 

The following is the composition of -some of these natural alums. 


SODA- AND AMMONIA-ALUM. 


« 

Constituents. 
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Constituents. 

Algoa Bay,* 
South Africa. 

Bosiesmans River,* 
South Africa. 

Iquique, 

South America. 


Apjohn. 

Stromeyer. 

Hayes. 

Sulphuric acid 

32.79 

36.770 

36.332 

Alumina ... 

10.05 

11.515 

12.130 

Magnesia ... 


3.690 

4.G82 

Protoxide of manganese - 

7.33 

2.617 

1 0.430 

Protoxide of iron - 


“ 


Lime . - - - 

« 

u 
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Sulphate of magnesia 

1.08 

tc 


Chloride of potassium 

a 

0.205 

tc 

Muriatic acid - - - 

a 

“ 

0.604 

Water - - - - 

48.15 

45.739 

45.450 


100.00 I 100.536 I 00.75-1 


IRON ALUMS. 


Constituents. 

! Unknown. 

Hurlet. 

Morsfeld. 

Iceland. 

1 Puzzuoli. 


Hurlet. 


i Berth ier. 

1 

Phillips. 

Rammels- 

berg. 

Forch- 

hammer. 

Dufrenoy. 

Abieh. 


Sulphuric acid 

1 34.4 

30.9 


3().025 

35.16 

45.(57 

4*^32 

. 

35950 

Proiox. iron - 

12.0 

20.7 


9.307 

4.57 

2t'.(>9 ; 

11 GO 

• 

- “ 

Perox. iron - 

“ 

U 



1.23 


17.65 

• 

18.236 

Alumina 

j 8.8 

5.2 


10.914 

11.22 

3.27 , 

2.20 


- “ 

Potash • 

I 

*• 


0.434 


5.47 

4 04 

Ammonia 3.653 

Soda 

i « 

Ct 




i 

0.25 

. 

. 

Magnesia 

I 0.8 

C( 


0.235 

2.19 

(C 


. 

- 

Sand 


“ 


‘‘ 


0 46 ' 

“ 

Impurities 3.500 

Water - 

44.0 

43.2 


43 025 

45.63 

15.77 ! 

15.94 ; 

- 

38(561 


i 100.0 

100 0 

i 

100.000 

100.000 

99 33 1 

100.00 


100.000 


Production of Mum from Mum-Stone . — Alum is obtained in much 
larger quantity from alum-rocky?i formation of similar volcanic origin. 
This is a massive, granular, only partially crystaline, transparent, 
and not homogeneous rock, which frequently encloses quartz, some- 
times iron pyrites, and manganese ore. Its color is yellowish, passing 
into green, gray, red, or brown. The pure mineral alum-stone {Munite) 
sometimes occurs in it in distinct crystals, which have been found to 
consist of a basic sulphate of alumina with sulphate of potash (a basic 
alum therefore); or, more probably, a combination of neutral sulphate 
of alumina and potash with hydrate of alumina (KO,S03+ AljOg.SSOg 
+ 2Al203,H03,) (Rammelsberg); it differs, therefore, from alum in 
containing an excess of alumina. Alum-rock is of the same nature, 
but of a less pure character; it is a massive alunite, and occurs at 
Tolfa, near Civita-Vecchia, in the Papal States ; at Montione, in the 

mention of a remarkable lake, the water of which contained ahim in solution. A recent 
exploring party on the Indus, have also reported the discovery of beds of alum and rock* 
salt below Attock. 

• The alums analyzed by Apjohn and Stromeyer are the same: they cannot be 
regarded as chemical con pounds, as no two analyses agree, and in situ, they are much 
mixed with efflorescent salt. As a mordant, the properties of the manganese*alum 
have been found by Mr. Crum quite equal to common alum, the manganese interfering 
in no way with the most delicate colors. This alum is used by the natives for dressing 
skins. 


AI,UM FHeM nALUH-STONE 


Dukedom of Piombino; in the Comitats, Beregh and Zemplin, in 
Hungary; at Mont d’Or, in France, and in the Greek islands, Milo 
and Nipoglio, but is not of very common occurrence. 

The analyses of this rock have yielded the following results : 



From Tolfa, 
by Klaproth. 



From Bare* 
gRzaz, 

by Klaproth. 

From Mon- 
tioiie, 

by Descotil. 

From Mont 
d'Or, 

by Cordier. 

Silica - - - 


56.5 

62.3 


28.4 

Alumina 


19.0 

17.5 

40.0 

31.8 

Sulphuric acid 


16.5 

1§.5 

356 

27.0 

Potash - - - 


4.0 

1.0 

13.8 

5.8 

Water - - - 


3.0 

5.0 

100 

3.7 

Oxide of iron 


— 

— 

— 1 

1.4 


It will be seen from these analyses, that, taking no account of the 
silica, there is chiefly a deficiency of potash, and also of sulphuric 
acid in the rock, in order to convert it into alum, or in other words, 
in the mineral from Tolfa, for instance, there is about 3 per cent, too 
much sulphuric acid and 14 per cent, too much alumina to form alum 
with the 4 per cent, of potash. The alum-stone from Beregszaz also 
contains an excess of 9 per cent, acid, and 16 per cent, alumina; that 
from Mont d’Or, 6 per cent, acid, and 25 per cent, alumina. At 
Tolfa, where the alum-stone comes to the surface, a quantity of alum 
is produced proportionate to the amount of potash in the rock, and 
the remainder, particularly the excess of alumina, is separated. This 
is effected by burning the stones in heaps or furnaces similar to those 
used in preparing gypsum (see below), particular care being taken 
that the temperature does not rise too high. At a red heat, sulphate 
of alumina is decomposed, yielding, partly anhydrous sulphuric acid, 
and partly oxygen and sulphurous acid. As soon as these vapors 
appear, the burning is stopped and the mass is transferred to walled 
cisterns, where it is repeatedly moistened with water, which collects 
below, and allowed to crumble for three or four months, at the expi- 
ration of which period it is converted into a soft mud, tasting percep- 
tibly of alum, which may then be dissolved out with w^ater. If the 
alum-stones contained an excess of hydrate of alumina, this would 
infallibly react upon the alum, and form with it a similar but insoluble 
compound, containing basic sulphate of alumina : the burning expels 
the water from the hydrate of alumina, and thus renders it chemi- 
cally inactive; the excess of alumina is thus separated from the com- 
pound, which then yields an alum soluble in w^ater. On evaporation 
(until the specific gravity is 1.114 at 45°=113° F.), the ley still 
holds a fine ferruginous* rose-red powder in suspension, which per- 
ceptibly colors the crystals, but is left when these are re-dissolved. 
The crystals contain potash, but no ammonia, and are highly prized 
in commerce, under the name of Roman alum. 

Originally, all the alum coinsumed in Europe was produced from 
alum-stone, at Rocca (the^odern Edessa), in Syria (hence the name 


Accx>rding to some, this red powder is not ferruginous. 
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ALUM FROM ALUM ORE. 


Rocc-alum — whence the corruption Mumen rupeum and Mun de 
Roche)y and was brought from the Levant to the European market. 
In the year 1460 or 1465, the art of preparing alum was introduced 
at Tolfa by Johann de Castro, who first discovered the alum-stone in 
that locality. The art spread fropa thence in various directions, and 
in the 17lh century the preparation of alum w^as commenced in Ger- 
many and England, although upon very different principles. 

Production from Alum Ore , — In these latter countries Nature is far 
less propitious to the manufacture of alum, the mineral products yield- 
ing little more than alumina and sulphur towards the production of 
the salt. The chemical process which has been brought about by 
natural agency in the former countries wdth the aid of volcanic heat, 
has here to be effected by artificial means, and the alkali must also 
be supplied from other sources. The production of alum from alum- 
shale and alum -earth (the alum ores) is naturally arranged under three 
distinct operations: the production of sulphate of alumina; the addi- 
tion of sulphate of the alkali to the concentrated cold solution of the 
former, in which operation difficultly soluble alum precipitates, in the 
form of powder, and is thus separated from the foreign salts; and, 
lastly, the purification of the flour by re-crystalization. 

Alum-shale is a kind of clay-slate impregnated with sulphuret of 
iron and bituminous matters — a member of the younger transition 
series of rocks therefore — which is allied to real clay-slate, by its 
firmness, appearance, its slaty structure and its great extent. It is 
found on the Scandinavian peninsula, in Bohemia, in the Hartz, in 
Upper Bavaria, in Voigtland, in the mountainous districts of the 
Lower Rhine, in England (near Whitby), in Scotland, at Hurlet and 
Campsie near Glasgow, and in the Uralian Mountains, &c. 

The following analyses show the composition of the rocks: 


ALUM-SHALE FROM SIEHDA, BY LAMPADIUS. 


Sulphate of alumina . 

2.68 

Potash alum .... 

0.47 

Sulphate of iron 

0.95 

Sulphate of lime 

1.70 

Silica 

. 10.32 

Alumina 

9.21 

Magnesia .... 

. . trace.s. 

Oxide of iron .... 

2.30 

Oxide of manganese . 

0.31 

Sulphur 

7.13 

Water 

. 33.90 

Carbon, &c 

. 31.03 


100.00 



ANALYSIS OF ALUM SHALES. 
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ALUM-SHALES, BY G. KERSTEN. 

Hermannsschacbte. Gliickaufgang. Blucherschachte. 


Carbonaceous matters 

. 41.10 

27.92 

34.20 

Silica 

. 44.02 

51.32 

50.21 

Peroxide of iron . . 

. 6.23 

8.40 

0.42 

Alumina .... 

. 5.60 

7.62 

5.21 

Magnesia .... 

. 0.32 

0.26 

0.53 

Oxide of manganese 

. 0.12 

traces. 

traces. 

Sulphur .... 

. 1.25 

2.89 

1.72 

Sulphate of lime . . 

. traces. 

traces. 

traces. 


98.64 

98.41 

98.39 


ALUM-SHALE, BY ERDMANN. 



Gariisdorff. 

Wpzelsteiri. 

Soluble in acid; 




Sulphuret of iron 

7.5.33 

. 10.166 


Silica 

0.060 

. 0.100 


Peroxide of iron 

0.966 

. 2.466 


Alumina . 

1.8.33 

. 3.166 


Lime 

0.400 

. 1.000 


Magnesia . 

trace. 

. 1.022 



10.792 


17.920 

Insoluble in acid; 




Silica 

50.066 

. 52.200 


Alumina . 

8.900 

. 17.900 


Peroxide of iron 

1.300 

. 3.366 


Magnesia . 

1.000 

. 1.133 


Lime 

trace. 

. trace. 


Coal 

22.833 

. 0.803 



84.099 


75.402 

Water 

2.208 


5.080 


97.099 


98.402 


The following is the composition of several shales, which are some- 
times employed in making alum : 

1. Locality unknown; by D’Aubiiisson. 

2. Dunmeniss, in Devonshire; by Stokes. 

3. Gaggenau, in Baden: by Holtzmann. 

4. Niederselters, in Nassau; by VVimpf. 

5. Goslar, in the Hartz; by Frick. 

(1. Breniuiortf, near Coblentz ; by Frick. 

7. Lehstcn, Thiiringerwald ; by Frick. 

8. Prague; by Pleischl. 
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Alom-eartb 




1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Silioa • • 

. 

48.6 

59.4 

64.34 

79.17 

60,03 

62.83 

64.57 

67.60 

Alumina - - 

, 

23.5 

17.4 

23.90 

10.42 

14.91 

17.11 

17.30 

15.89 

Peroxide of iron 

. 

11.3 

11.6 

9.'?0 

6.27 

8.94 

8.23 

7.46 

5.85 

Oxide of maneanese 

0.5 



— 

— 

— 

— 

0.08 

Lime - - - 

. 


2.1 

— 

— . 

2.08 

0.83 

1.16 

2.24 

Magnesia - - 


1.6 

2.2 



— 

4.22 

1.90 

2.60 

3.67 

Potash - - - 


4.7 





— 

3.87 

4.17 

1.99 

1.23 

Soda - - - - 







— 

— 

— 

2.11 

Mrontia - - - 

. 






— 

— 

— 

— 

0.30 

Oxide of copper 


— 

— 

— 

— 

0.2S 

0.27 

0.30 

— 

Fluoride of calcium 

— 

— 

— > 

— 

— 

— 

- 1 

1.13 

Phosphoric acid 

- 

— 

— 

— 

— 

— 

— 

— 5 


Sulphur - • 

- 

0.1 

— 

— 

— 

— 

— 

— 

— 

Carbon - - - 

- 

0.3 

— 

— 

— 

— 

— 

— 

— 

Carbonic acid - 

- 

— 

— 

— 


5.67 

4-66 

4.62 


Water - - - 

- 

7.6 

6.4 

2.22 

2.7S { 







9S.2 

99.1 

10016 

98.64 

100.00 

100.00 

100.00 

100,00 


The following is the composition of some shales from Whitby, in 
Yorkshire ; and Campsie, near Glasgow. 

WHITBY. CAMPSIE. 


Top Rock. 

Bottom Rock. 

Top 


Top 

Bottom 






Rock. 


Rock. 

Rock. 

Sulphuret of iron 

4.20 


8.50 

C Sulphur 
( Iron 

22.36 

18.16 


23.44 

15.04 

Pyrite.s. 9.63 

Silica - - - 

52.25 


51.10 


15.40 


15.40 

- - - 0.47 

Protox. of iron 

8.49 


6.11 


. . , 


• • 

- . . 2.18 

Alumina - - 

18.75 


18.30 


11.35 


11.64 

. - . 18.91 

Lime - - - 

1.25 


2.15 


1.40 


2.22 

. - - 0.40 

Magnesia • - 

0.91 


0.90 


0.50 


32 

- - . 2.17 

Oxide mangan. 

traces 


traces 


0.15 


- - 

- . . 0.56 

Sulphuric acid 

1.37 


2.50 


. . . 


- 

- . - 0.05 

Potash - - - 

0.13 


traces 


0.90 


. 

- . . 1.26 

Soda . - - 

0.20 


traces 


. - . 


. 

- - - 0.21 

Chlorine - - 

traces 


traces 






Coal - - - 

4.97 

. 

8.29 

Carbon & Loss. 

29.78 Carb.28.80 










8.51 









aq. 8.54 

Water - - - 

2.80 

* 

2.00 


• - 

Loss. 3 13 

. - - 0.59 


95.40 Rich. 

99.91 

Richardson. 

lOU.OO 


99.99 

100.00 


It will be observed, that in the Campsie alum ores, the top ore 
contains a large excess of pyrites, yielding of course more sulphuric 
acid than the alumina can take up, while the bottom ore contains a 
considerable excess of alumina; it is, therefore, the object of the alum 
makers so to mix these ores that the different ingredients may be 
made available as far as possible 

The following is the composition of the residue from the above 
Campsie ores after calcination and washing out the alum. 


Silica 

• 

- 

38.40 

Alumina 

- 

- 

12.70 

Peroxide of iron 

- 

- 

20.80 

Oxide manganese 

- 

- 

- traces 

Lime 

- 

- 

2.07 

Magnesia 

- 

- 

2.00 

Potash 

- 

- 

1.00 

Sulphuric acid 

- 

- 

10.76 

Water 

- 

- 

12.27 



ALUM-EARTH. 
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Alum-earth belongs to the more recent deposits, occurring below 
the first strata of the tertiary coal formation, which are of a later 
period than the chalk. It is a massive but soft pulverizable mass, 
which is stratified, but not slaty, and of a dark brown color: it occu- 
pies basins of variable dimensions, according to the position of the 
neighboring rocks. Very large deposits of this formation occur in 
the valley of the Oder, and are worked at Freienwalde, Gleissen and 
Muskau, It is no uncommon phenomenon in the coal formations for 
the clay and coal strata to permeate each other in those localities 
where they come into contact. These deposits, which frequently 
cover the coal formation, and at other parts form alternate layers with 
the coal, play the part of alum ores, and may be worked for the pro- 
duction of alum, when they contain a sufficient quantity of sulphuret 
of iron, which is frequently the case. To this class belong the Scotch 
ores. In Upper Silesia it is even found profitable to make the refuse 
coal or brees, which cannot well be used as fuel, subservient to the 
production of alum; these coals leave an aluminous ash, and those 
which are rich in iron pyrites are only distinguished from a real alum 
ore by the large excess of combustible matter which they contain, 
and which in this case cannot be turned to account. 

The mineral, which is quite as indispensable to the production of 
alum as alumina itself, is iron pyrites or the bisulphuret of iron 
(FeSj). This compound is formed by the decomposition of protosul- 
phate of iron (Fe 0 ,S 03 ) held in solution in water by the fossil coal. 
Green vitriol, or protosulphate of iron, is deprived of oxygen by any 
organic substance which is retained for a length of time in contact 
with it, and becomes reduced to sulphuret of iron. The sulphuret is 
disseminated through the alum ores, partly in the well-known brilliant 
yellow crystals or crystalline deposits, but chiefly in a very fine state 
of division, as a dull black powder, somewhat resembling the mass 
obtained by precipitating a salt of iron by sulphuret of ammonium. 
Hence, inasmuch as it was not perceptible to the eye, its presence has 
not only been overlooked in the following analyses, but actually denied. 

ALUM-EABTH 


Alumina 

from Freienwalde. 
Klaprutli. 

16.00 


from Putiberg. 
Bergemann. 

10.80 

Silica - - - 

40.00 

- 

46.30 

Magnesia 

0.25 


— 

Sulphur 

2.85 


3.94 

Carbon 

19.65 


5.95 

Protoxide of iron 

6.40 


5.50 

“ manganese 

Protosulphate of iron 

— 


0.60 

1.80 


5.73 

Sulphate of alumina 

. — 


1.20 

‘‘ lime 

1.50 


1.71 

“ potash - 

1.50 


1.75 

Chloride of potassium 

0.50 


0.35 

Sulphuric acid 

. — 


0.47 


10.75 


16.50 
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The sulphur is therefore in combination with the iron as sulphuret 
of iron, and not, as was formerly supposed, as sulphur or as sulphuret 
of carbon. Although the constituents of alum-earth are nearly the 
same in specimens taken from other localities, the proportions are 
nevertheless variable, as might have been expected from the mode in 
which the deposits are formed ; so great, indeed, is the difference in this 
respect, that the examples given above can hardly be viewed, as a 
fair average of these compounds. The pyrites and the alum ores 
owe the property of being rapidly decomposed, under the influence of 
atmospheric air, to the fine state of division of the bisulphuret and, 
j)robably also, to the occasional presence of the protosulphuret of iron.* 
Massive crystalline pyrites is very slowly decomposed under the same 
circumstances. The decomposition is occasioned by 7 equivs. of 
oxygen being taken up by the pyrites (FeSg), which convert it into 
protosulphate of iron and sulphuric acid, FeOjSOg and SO3. In those 
parts of the heap where the temperature is excessively high, the pyrites 
is converted, as by roasting, into sulphur and protosulphuret, or § 
sulphuret of iron, which immediately burn, the former to form protosul- 
phate of iron, and the latter sulphurous acid, which is absorbed by the 
alumina. The sulphite of alumina thus formed is easily converted by 
absorption of atmospheric oxygen into sulphate of alumina.f The sul- 
phurets ofiron are, therefore, only instrumental to the production of alum 
by affording the necessary amount of sulphuric acid to combine with the 
afumina ; besides the acid yielded by the second portion of sulphur in 
the bisulphuret, another portion is combined with alumina by the 
decomposition of the green vitriol, the protoxide of iron in w^hich is 
speedily converted into peroxide by the oxygen of the air, and is pre- 
cipitated in the form of a basic salt. According to Scheerer, this 
basic salt, as it occurs in the decomposed alum ores, contains in 100 
parts, 56.5 parts iron to 6 sulphuric acid, whereas in green vitriol, 
there are 63 parts of sulphuric acid to the same quantity of iron; the 
difference 63 — 6=57 parts of sulphuric acid has consequently taken 
part in the production of alum ; vide copperas section below. The 
presence of potash, which is never altogether wanting in the alum 
ores, gives rise in a similar manner to the liberation of sulphuric acid 
by the production of basic sulphate of potash and iron ; persulphate of 
iron is also decomposed by hydrate of alumina, and sulphate of 
alumina dissolves, but the greater portion remains insoluble with the 
basic sulphate of iron. 


* That this is an exceptional case, is proved by the greater number of alum ores 
yielding no sulphuretted hydrogen with dilute mineral acids. 

t Or what is more likely, by reducing the sulphate of peroxide ofiron to the state of 
sulphate of protoxide. The alum ore, when fresh taken from the ridges (the name 
given to the calcined heaps) and covered with water, which is removed after a short 
interval, will be found to have yielded little sulphate of alumina to the solution, but a 
great deal of sulphate of peroxide of iron j while after being allowed to remain for some 
time over the ore, the solution will be found to contain both much sulphate of alumina 
and sulphate of protoxide of iron. The alum makers know that the first washes are not 
those which yield the most alum, unless the ore has been allowed to remain in the 
steeps for a considerable time; they also know that more alum is obtained by adding a 
portion of mothers which are very rich in persulphate of iron to the wash-water than 
can be obtained by pure water alone. 



COMPOSITION OF FEATBER ALUM. 
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The presence of lime in the ores is most prejudicial, for this base 
deprives both the sulphates of alumina and iron of their sulphuric acid, 
and entirely puts a stop to the production of alum. Ores containing 
any considerable quantity of lime, cannot, consequently, be used in 
this manufacture. Gypsum, however, is always found in the crude 
leys. Magnesia is no less deleterious to the formation of alum, 
but the sulphate of magnesia thus produced, is not a totally valueless 
salt.* Fresh alum ores contain no soluble salts of alumina or iron; 
it is only where air has had access to them, either in the pit or at the 
surface, that efflorescence in the form of fine needXts, feather alum, 
is observed, and this consists, partly of real alum, partly sulphate of 
alumina, or also of combinations of the latter salt with protoxide 
of iron, sulphate of magnesia, &c. 

An alumina sulphate of iron also occurred abundantly some years 
ago, in the Hurlet and Camp.sie wrought-out coal beds, which had 
the following composition. 



Berthier. 

Phillips. 

R, D. Thomson. 

R. B. Thomson. 

Sulphuric acid 

34.4 

30.9 

35.600 

28.635 

Protoxide of iron - 

12.0 

20.7 

13.500 

19.935 

Alumina 

8.8 

' 5.2 

7.127 

2.850 

Magnesia 

0.8 

j 

— 

— 

Water . - - - 

44.0 

1 43.2 

43.713 

48.580 


100 1 

1 100 

100 

100 


The composition of this “Feather alum, or hair salt,” as it is 
termed, in different localities, is shown by the following analyses:! 

COMPOSITION OF NATURAL SULPHATE OF ALUMINA (aLUMINITE). 



Halle, Germany. 

Mori. 

New ! Eper- 
liaven'i nay. 

Alumina 

:J9,5U 

30.0 

37.7 

3-.>l 

35.001 

30.17 

32.50 

31.0 

30.2(>' 

30.0'- 

29.87 1 30 70 

Suiph. acid 

11.45 

17.0 

12.22 

12.44 

14.030 

14.54 

19.25 

21.5 

23.37 

23.00 

23.37 1 20.06 

Peroxide 











i 

of iron 

— 

— 

— 

— 

— 







Lime 

— 

— 

— 

— 

— 

— 

U.25 

2.0 

— 

— 

— I — 

Silica 

— 

— 

— 

— 

— 

— 

3 




1 

Carbonate 











1 

of lime 

— 


1.00 

1.0< 


— 

— 

— 


— 

— 1 O.:l0 

Water 

48.)r<() 

47.2 

40.18 

47.07 

50.000 

40.03 

47.1K1 

45.0 

46.37 

45.3:1 

46.76 - 39.04 

1 L 


90.75 

100.2 

KMUl 

'IOO.(H) 

, HKHMK) 

I 99.74 

IW.OO 

99.5 

KHI.OO 

l(K).00ll00.(H)|l(KUM) 














Marchand. 

Backs, NVolfl'. 

Martens. Schmid. Simon 

Buch- 

Siromeyer. I La?- 









hoby.i 



jsaigne. 


* In the English alum works, the sulphate of magnesia is a most important object in 
the manufacture. 

The term hair tally' sometimes applied to tliese natural effloresced substances, be- 
longs more properly to the sulphate of magnesia which sometimes aax»mpanies them. 





COMPOSITION OF NATURAL SULPHATE OF ALUMINA (fEATHER ALUM). 
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COMPOSITION OF FEATHER ALUM. 


Adelaide, 

. 

i| 

35,63 
17.09 
0.04 
copper, 
ox. of 

0.50 

46.70 

96*66 

Herapath. 

Campsie, 

Glasgow. 

40.425 

10.482 

8.530 

1.172 

36.295 

O 

03 

o 

03 

Berthier. | T. Thomson. 

Andes. 

35.872 

14.645 

0.500 
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Sulphuric acid • 
Alumina - 
^eroxide of iron 

’rotoxide of iron 

^rotox. manganese 
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Magnesia - 
Muriatic acid - 
Silica 

Water 



• This specimen was found in thin bands traversing the waste or washed shale which had been once extracted, and yielded a further product of alum 

on being again burnt. 
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Roasting or Ustulation . — Many kinds of alum ore are so rapidly 
acted upon by the air, that the heat which ensues is sufficiently in- 
tense to fire spontaneously the carbonaceous parts; others, on the con- 
trary, like the alum-shales, are so dense that they must be disintegrated 
by roasting, in order to open a free passage of air into the interior of 
their mass. This operation is conducted in the open air by inter- 
stralifying the ores with fuel, such as brushwood, coal or peat, and 
igniting the heap, either one layer at a time, as it is added to the heap 
or ridge, or the whole heap at once. The fire is regulated in the 
same manner as in the charcoal mounds. An increased draught is 
brought about by making air-holes, and the draught is impeded by 
heaping exhausted or disintegrated ore upon those parts where this is 
required. Many alum ores, however, as for instance the Campsie ores, 
contain so much coally matter, that they cannot be calcined without 
a large proportion, in most cases one-half of exhausted ore, and the 
heaps require only a small quantity of coal to commence the com- 
bustion. 

The pyramidal form of the ridge or heap protects it pretty well 
from the penetration of rain, but it is found expedient to collect what 
flows from the bottom of the ridges in tanks adapted for the purpose. 

The first action of the heat in the roasting process is to expel the 
half of the sulphur from the pyrites. This portion is partly burnt 
into sulphurous acid, and partly sublimed on the outer colder parts of 
the heap, whilst the protosulphuret which remains, or when the heat 
has not been great, the f ths sulphuret, is converted at a later period 
into green vitriol, after the combustible part of the heap is consumed. 
The mass of the shale is loosened very much at the same time, and 
converted into a red ash, with a considerable diminution of volume ; 
the shale of Liittich (Liege), for instance, loses 28 per cent, in w’eight.* 
The ores which undergo spontaneous decomposition, are treated in 
precisely the same manner, with the omission of the fuel to the heap, 
and care is taken to supply a sufficiency of moisture, without which 
no decomposition could occur. A clay bottom is well adapted for the 
erection of a heap, that none of the salts may be carried by the moist- 
ure into the soil; the heap is also sometimes constructed under a 
shed. As a general rule, it is found that the produce is better, the 
slower and more uniform the heat is regulated. It is sometimes ne- 
cessary in foul weather to cover the heap with coal refuse, or to shovel 
fresh ore upon those parts that have become too hot. When the heat 
rises to a certain pitch, and the mass attains a red heat, the sulphate 
of alumina is decomposed, its acid is expelled, the loss of which is, 
however, in some measure compensated by the simultaneous loss of 
acid by the green vitriol ; the acid from both sources is, however, 
partly retained by the covering of exhausted ore, and it is hence par- 
ticularly advantageous to use that substance for this purpose. A very 

* At Salzweiler, near Dultweilcr, in Rhenish Prussia, this roasting is effected sj^nta* 
neously in the pit, by the aid of a stratum of brown coal below it, which has continued 
in a state of slow and restricted combustion ever since the year 1C60, when it was acci- 
dentally fired. 

O* 
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great excess of heat might soften the sulphurets and cause them to 
cake together, instead of becoming porous. It will be easiJy conceived, 
that the decomposition of such great masses of ore as are comprised 
in a heap of from one to several hundred feet in length, impeded as 
it is, cannot proceed very rapidly ; ore that has not been roasted, re- 
quires ten or twelve months [more commonly 18 to 24 months], and 
roasted ore, from six to eight weeks, in order to be thoroughly decom- 
posed. The state of the heap is judged of by extracting portions of 
the ore, or by the taste and general appearance of the decomposed 
mass. 

Lixiviation of the Roasted Ores , — The period has now arrived for 
extracting the sulphate of alumina, and the other soluble salts. Pre- 
cisely the same precautions and arrangements are here requisite, as 
have been already described under the “Lixiviation of Saltpetre 
Earth,” (vol. i. p. 328), and the saving of time and fuel is, in the 
case of alum, a matter of still greater importance, on account of the 
great competition to w^hich the manufacture is exposed. 

The roasted ore is spread out in large wooden tanks lined with 
lead, or in some instances in walled cisterns, over a false bottom upon 
straw, and is covered with water. At Valmunster, in the department 
of the Moselle, these tanks are constructed of burnt stones and clay, 
and each has a capacity of 1728 C. F. (1380 C. F. Rhenish). At the 
bottom, beams are arranged at certain distances from each other, upon 
which a layer of straw and brushwood is laid, and upon this the false 
bottom of boards is placed. This whole arrangement forms the filter- 
ing apparatus, from which the ley flows through apertures at the sides. 
Each cistern requires 1280 C. F. of water for the lixiviation. Ley is 
first poured upon the ore of 20° B. (=sp. gr. 1.157) ; when this has 
run off, it answers to 24° or 25° B., and is fit for boiling; a w^eaker 
ley of 15° B. (=sp. gr. 1.113), and subsequently others of 10° B. 
(=sp. gr. 1.072), and the weakest of 5° B. ( = sp. gr. 1.034) then 
follow; and lastly, the whole is washed out with pure water. All 
the leys that fall short of 24° or 25° B., are poured upon more or 
less exhausted ores, according to their strength. By arranging these 
cisterns upon terraces, the one above the other, the ley can easily be 
drawn from the upper into the lower cisterns, until it has acquired 
the proper strength. The solution is then called crude liquor, and 
is preserved in large walled tanks, ready for further operations. 

According to Mr. Scanlan, quoted by Dr. Ure, eight different liquors 
are met with in the alum works on the Yorkshire coast. 

1st. ^^Raw liquor . — The calcined alum-shale is steeped in water 
till the liquor has acquired a specific gravity of 9 or 10 pennyweights,"^ 
according to the language of the alum maker. 

• The alum makers’ specific gravity bottle hoWs 80 pennyweights of water, and by 
10 pennyweights he means 10 more than M^ater, or 90. The numbers on Twaddle’s 
hydrometer divided by 2.5, give alum makers’ pennyweights. 

The alum manufacturer tests his samples of potash comparatively, by dissolving equal 
weights of the diflbrent samples in equal measures of alum-liquor at 20 pennyweights, 
heated up to the boiling point and weighing the quantity of alum crystals produced on 
cooling. 
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* 2d. Clarified liquor .^^ — The raw liquor is brought to the boiling 
point in leaden pans, and suffered to stand in a cistern till it has be- 
come clear; it is then called clarified liquor. Its gravity is raised to 
10 or 11 pennyweights. 

3d. ‘‘ Concentrated liquor . — Clarified liquor is boiled down to 
about 20 pennyweights. This is kept merely as a test of the com- 
parative value of the potash salts used by the alum maker. 

4th. ^^Alum mother-liquor .^'^ — The alum pans are fed with clarified 
liquor, which is boiled down to about 25 or 30 pennyweights, when 
a proper quantity of potash salt in solution is mixed wdth it, and the 
whole run into coolers to crystallize. The liquor pumped from these 
rough crystals is called ‘‘a/um mothers.'^^ 

5th. Salt-mothers .^^ — The alum-mothers are boiled down to a 
crystallizing point, and afford a crop of rough Epsom^^^ Avhich is a 
sulphate of magnesia and protoxide of iron. 

6th and 7th. Alum washings .'^^ — The rough crystals of alum 
(No. 4) are w’ashed twice with water, the first w’ashing being about 4 
pennyweights, the second about 2^, the difference in gravity being 
due to mother-liquor clinging to the crystals. 

8th. “ Tun-liquor . — The washed crystals are now dissolved in 
boiling water and run into the roaching-tuns (w^ooden vessels lined 
with lead) to crystallize. The mother-liquor of the “roacA-a/um” is 
called tun-liquor it is of course not quite so pure as a solution of 
roach-alum in w^ater. 

With reference to the exhausted residues, two cases may occur : 
They have either been rendered perfectly porous by the roasting and 
decomposition, in which case they will have been completely ex- 
hausted, and may be thrown away unless they can be used for 
covering fresh heaps; or they still contain portions of undecomposed 
ore, and may then be subjected to a second exposure (as at Buchs- 
weiler, in Elsace), either by themselves or mixed wdth fresh ore. 
The process in many other alum w’orks, where the ores do not require 
roasting, is essentially the same as that described above. The lixivia- 
tion, however, is then carried on wdth the heaps themselves and during 
the process of decomposition ; they are erected for this purpose upon 
so-called Biihnen,^^ which consist of flat wooden boxes, or upon a 
foundation composed of brick-work or clay, which is impervious to 
the liquor, and whence the water which is pumped from time to time 
upon the hekp collects, and is conducted aw ay to the crude liquor 
cisterns. The soluble salts are thus collected at certain periods, as 
they are produced during decomposition. The strength of the crude 
liquor in the cisterns must be regulated by the respective prices of 
labor and fuel, weak liquor requiring more of the latter, and strong 
liquor more labor ; it is never, how^ever, advisable to concentrate the 
liquor to that degree at w^hich it w’ould be saturated with the crys- 
tallizable salts like green vitriol and sulphate of magnesia, as these 
would crystallize with the slightest amount of evaporation or rise of 
temperature, before it is desirable that they should do so. In general, 
the density indicated by 20® B (= sp. gr. 1.157) is not exceeded. 
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^mon found tbe crude liquor from Gleissen, in Neumark, to contain 


29.678 per cent. 


70.322 


100.000 

A certain quantity of ready formed alum always accompanies these 
constituents, sometimes potash, sometimes ammonia-alum, when a 
red heat has not been employed in the manufacture, which decom- 
poses the latter, leaving only alumina unvolatilized. To the production 
of the former, the potash naturally contained in the ores assists, and 
still more that which exists in the ash of the wood employed as fuel; 
the ammonia is attributable to the nitrogen contained in the coal. 
During the time that the crude ley is clarifying in the large vats, a 
chemical decomposition ensues, by the action of the air upon proto- 
sulphate of iron, and this is not prevented by the state of solution of 
the salt : 

10 equivs. Fe 0 ,S 03 =10 Fe + 10 0 + 10 SO 3 absorb from the air 
5 equivs. oxygen = 5 0 

10 Fe + 15 0 + 10 SO 3 and a basic salt 
= 2 Fe^ O 3 , SO 3 = 4Fe+ 60+ SO 3 is produced and 
precipitated, whilst : 

3 equivs. of Feg 03 , 3503 = 6 Fe+ 9 0+ 9 SO3, or an acid persalt 
remains in solution. 

In the foregoing analysis, this acid salt has probably been over- 
looked, or its constituents have been appropriated in some other 
manner; in the high state of dilution of the crude ley, however, nearly 
the whole of the oxide of iron is precipitated, and a very small portion 
remains in solution. This is turned to account, by mixing the crude 
liquor with the mud which is obtained in a subsequent operation. 
This mud is a kind of basic alum, i, e. an insoluble salt, which is 
deficient in a certain quantity of sulphuric acid to render it neutral 
alum. The deficiency is then supplied at the expense of the acid 
persulphate of iron, or of the free sulphuric acid. The basic persalt 
of iron is called, in German, ‘‘ Vitriolschmand^^^ and is collected from 
time to time from the bottom of the cisterns and heated to redness; it 


the following ingredients : 

Sulphate of alumina - 
Protosulphate of iron - 
Sulphate of soda - - 

Sulphate of magnesia 
^ Sulphate of manganese 
Sulphate of potash 
Sulphate of lime - - 

Perchloride of iron - - 

Chloride of magnesium 
Chloride of aluminium 
Free sulphuric acid - 
Free hydrochloric acid 
Water - - - - 


- 11.085, 

- 9.773 

- 2.035 

- 1.754 

- 0.174 

- 0.095 

. 0.120 

- 1.872 

- 0.334 

- 0.419 

- 0.563 

- 1.454 
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then parts with rt» acid and the peroxide remains, which is used as r 
red pigment. 

Boiling the crude ley . — The further treatment of the ley depends 
upon the quantity of green yitriol which it contains, and in most cases 
there is quite as much, or more of this than of alum. The ley is then 
used for the production of both salts, and alum and vitriol works are 
generally carried on conjointly; but the process of separating the two 
salts by crystallization varies much in different manufactories. 

When the crude ley is very much charged with the salt, it is eva- 
porated in pans, into which old iron is thrown. The persalt formed 
by the action of the air is thus partly precipitated as a basic salt,* 
one portion of the acid entering into combination wdth a fresh portion 
of iron with the evolution of hydrogen gas, and is again partly 
reduced to a salt of the protoxide, w^hich prevents the decomposition 
of the green vitriol, and crystallizes in large crystals from the solution. 
In order to afford more points of attachment for the crystals, and 
facilitate their removal, the workmen are in the habit of hanging 
peeled sticks and branches in the solution. The mother-ley of course 
contains the whole of the sulphate of alumina, and is boiled for alum 
in the manner to be subsequently described. 

In other places (as at Reschwitz, near Saalfield, at Schwemmsal) 
the greater portion of the water is removed by graduation, as in the 
salt works (vol. i. p, 251), w-hen, in consequence of the increased 
action of the air, a considerable portion of the green vitriol is decom- 
posed, and much basic sulphate of iron, mixed with gypsum, is left 
as an incrustation upon the thorns. The graduated ley then yields 
green vitriol on evaporation, and a mother-liquor containing the 
alum. 

Another process consists in separating the copperas, not by cooling 
the saturated solution, but by simple evaporation or abstraction of 
water, as in the soccage of common salt, (for instance, at Busch- 
weiler). When evaporation has been carried on for some time, and 
the loss of w’ater and the strength of the ley have reached a certain 
degree, a point of saturation is attained (when the specific gravity is 
equal 1.35 to 1.37, or 38^ to 40® B.) at which the remaining water 
is just sufficient to retain the copperas in solution. The evaporation 
of every additional quantity of water then causes the precipitation 
of a portion of copperas, and a sediment, consisting of very small 
anhydrous or slightly hydrated crystals, is rapidly deposited. In the 
meantime, the evaporated water is constantly replaced by fresh liquor. 
It is obvious that upon this plan, in which the liquor is alw ays saturated, 
the quantity of dissolved copperas cannot increase in the pan; whilst 
the amount of the other soluble salts (sulphate of alumina) must 
increase until the liquid is saturated with them. In fact, the strength 
of the liquor increases simultaneously wiin the deposition of the 
copperas, and that point must be watched, when the strength of the 

• This precipitate falls without the addition of metallic iron, as dilute solutions of 
persulphate of iron (Fe,C>3,3S03) are decomposed by heat alone, and a basic salt ( 3 Fe* 
03,503) is precipiUited. 
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liquor is not further augmented, (when the hydrometer sinks to the 
same point,) that the other salts with which it will then be saturated, 
may not precipitate with the copperas. On the one hand, therefore, 
we obtain, the precipitated copperas, which is purified by recrystal- 
lization, and its water of crystallization raised to 7 equivs. ; and on 
the other, a mother-liquor saturated with sulphate of alumina for th^ 
production of alum. 

When, on the contrary, the copperas is not in excess, the process 
is reversed, and begins with the production of alum from the crude 
liquor. This is then pumped at once from the crude liquor cisterns, 
in which it has been clarified into the evaporating-pans. If these are 
composed of tinned iron, they become attacked by the sulphate of 
alumina, and the ley, with the evolution of hydrogen and basic sul- 
phate of alumina, is precipitated w’hen the action, which is similar to 
that of an acid, is not prevented by the addition of the basic mud be- 
fore mentioned. Notwithstanding this, the sediment frequently gets 
burnt on to the bottom, and causes difficulty and damage, particularly 
when cast-iron or leaden pans are employed, wffiich are not otherwise 
affected, but the former of which is brittle and the latter too easily 
melted by the heat. To prevent this burning, metal evaporating-pans 


Fig. 132. 



are now almost universally discarded, and the flame is carried over 
the surface of the liquid instead of below the pan, as in Fig. 132, 
which represents one of the most commodious and generally-used 
evaporating-furnaces! The liquor is placed in the basin b 6, the 
walls of which are constructed of bricks, placed upright, and well 
cemented with a mortar. composed of lime and lixiviated alum-shale- 
waste. The grate r is purposely placed somewhat low, that very 
little ash may be carried mechanically by the flame into the pan ; the 
flame passes below the flat arch c to the chimney. The apertures 
0 0 are adapted for observing the interior at different parts. The 
reverberatory-furnace is either very long, as shown in Fig. 132, in 
order to obtain the full heat of the fire, or is connected with a pan 
which can be >varmed by the same fire. Any loss of heat is thus 
precluded, and the draught of the furnace ensures, in the simplest 
manner, a constant current of air over the liquid, which is favorable 
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to evaporation. Fresh liquor, or the mofher-Jiquor from a previous 
operation, is added as the water evaporates, until the contents of the 
pan attain 42^ B. (spec. grav. = 1.40) which is the most fit state of 
concentration for producing the flour or meal in the next operation. 
In the meantime, a copious sediment is deposited from the ley, con- 
sisting of a large proportion of basic sulphate of iron, (produced by 
the continuous decomposition of the copperas and neutral persulphate 
of iron,) of gypsum and other salts, which renders it necessary to clear 
the liquor in the cooling-vats. Whatever the composition of the liquor 
may be, it must never be so far evaporated as to deposit salt by cool- 
ing in the vessels appropriated to the production of the flour. Every- 
thing must remain in solution after cooling, and the liquor must be 
perfectly clear. 

Preparation of the Powder , — The flour or powder-cisterns are those 
vessels in which the sulphate of alumina is combined with potash or 
ammonia (the flux or precipitating substance) in such a manner as to 
effect the first purification of the alum. The alum is only very slightly 
soluble in the cold mixture of the liquor with the solution of the pre- 
cipitating substance. The greater portion of the alum is consequently 
precipitated in the form of very small crystals, or flour, by reason of 
the agitating motion given to these cisterns or boxes, which enclose 
no mother-liquor, and can easily be freed from the portion attached to 
them by means of water. 

Potash and amiponia alum are in this respect very much alike; 
9.25 parts of the former dissolve in 100 parts of water at 10^ C. 
(F. 50°), and 9.16 parts of the latter (in the form of crystals); this is 
not the case with soda-alum, of which 100 parts of water at 10° C. 
(F. 50°) takes up 46 parts. Sulphate of soda is consequently not 
applicable to the production of cheap and pure alum. According to 
theory, 50.9 parts of neutral sulphate of potash, or 47.8 parts of sul- 
phate of ammonia are required for the conversion of 100 parts of 
sulphate of alumina into alum. The precipitating substance cannot 
be employed in the dry state, as the point of saturation would not then 
be distinctly known, and the flour is easily contaminated by an excess, 
which, when sulphate of potash has been used, is difficultly removed 
on account of its sparing solubility. On the other hand, perfectly 
saturated liquor is only used, that too much water may not be intro- 
duced into the flour cisterns, and the largest produce of meal may be 
obtained. 

When it is assumed for the sake of simplicity that the liquor to be 
used, which may have a temperature of 10° C. (50° F.), is saturated 
with green vitriol and alum, it will then contain; 

for every 100 parts of water, 

33.2 of anhydrous protosulphate of iron, and 
^ 33.5 of anhydrous sulphate of alumina ; 

these ingredients require 17,1 parts of neutral sulphate of potash, 
which are held in solution by 66 parts of boiling water. On mixing 
this solution with the ley, 96 parts of crystallized alum will be pro- 
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dticed, together with 100+66«166 parts of water. Of the 96 parts 
of alum, only 16 parts can remain in solution when the liquid has 
cooled to the primary temperature of 10° C. (50° F.) ; and consequently 
96 — 16=x80 parts of alum will be precipitated in the form of powder; 
and this quantity will be diminished in practice in proportion to the 
lesser state of saturation of the solution. The use of chloride of 
potassium is preferable to that of sulphate of potash, as less of it is 
required, in the proportion of 100 : 117 for the same quantity of alum, 
and the chloride being soluble in 2 parts of boiling, or 3 parts of cold 
water, the flour can be precipitated in the cold. 

In the instance given above, the 33.5 parts of sulphate of alumina 
would require 14.5 parts of chloride of potassium for precipitation, 
and these would be soluble in 26.2 parts of boiling water, and pro- 
duce 96.5 parts of alum. After the mixture had been made under 
the same circumstances, 12 parts would remain in solution, and 84.5 
parts would be precipitated in the form of flour. The same quantity 
of chloride of potassium requires, however, 46 parts of water of 10° 
C. to dissolve it, which, when added to the liquor, will precipitate 84 
parts of flour, whilst 13.8 parts of alum will remain in solution. The 
difference is, therefore, not great in the two cases. A similar advan- 
tage is obtained by the use of sulphate of ammonia, which also dis- 
solves in 2 parts of boiling water, but this yields less alum in the 
proportion of 100 : 95.6; the equivalent of ammonia-alum being so 
much less than the equivalent of potash-alum. In fact the 33.5 parts 
of sulphate of alumina, in the above instance, require 15.8 parts of 
sulphate of ammonia, in order to be completely converted into 87.7 
parts of alum. After precipitation, however, 10.6 parts of alum re- 
main in solution, and 77 parts are precipitated as flour. The disad- 
vantage occasioned by the lesser equivalent of ammonia-alum is thus 
counterbalanced by the greater solubility of the ammoniacal salt as a 
precipitating substance. 

Sulphate of potash for the alum manufacture is obtained as a se- 
condary product in the nitric acid manufactories, from the burners of 
the vitriol chambers on the old plan of manufacture, and also in the 
process of purifying potashes, &c. It is generally all, or in part, 
in the form of bisulphate (Ka 0 , 2 S 03 ), and should in this case be 
converted by the addition of potashes into the neutral salt (KaO,S 03 ). 
This is the only case in which potashes can be used, except when an 
excess of acid is present. If, on the other hand, no free acid is pre- 
sent, and potashes are employed, a portion of the sulphate of alumina 
will invariably be precipitated as basic sulphate of alumina and 
potash (basic alum), a salt which is always produced in lesser or 
greater quantity during evaporation; for instance, by the action of the 
iron, which can be re-dissolved by the addition of bisulphate of 
potash. It would be desirable always to combine the process of 
purifying potashes with the production of alum; so that not oriljr the 
sulphate of potash, but also the chloride of potassium, might be turned 
to account. This latter salt, when added to the liquor, undergoes 
mutual decomposition with the sulphates of the metallic oxides and 
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the earths, while sulphate of potash and metallic or earthy chlorides 
are produced; the advantage derived in this case is considerable, for 
besides the small quantity of sulphate of magnesia, the whole of the 
proto and persulphates of iron can be converted into proto and per- 
chlorides, both of which salts are deliquescent, and can be removed 
from the flour with much less diflBculty than green vitriol. The use 
of chloride of potassium is of still greater importance when persulphate 
of iron is present in the liquor, for this salt, in combination with sul- 
phate of potash, forms a difficultly soluble, but not insoluble, com- 
pound, the basic sulphate of iron and potash (basic iron-alum) which 
is precipitated in the form of a yellow powder, and contaminates the 
alum-flour. When all the other sulphates have become converted into 
chlorides, the sulphate of alumina would also be decomposed in its 
turn, and any further addition of chloride of potassium, by giving rise 
to the formation of chloride of aluminium, would prove a source of 
Joss. For this reason, the nature of the ley must be investigated 
before every operation, with a view to determine the precise amount 
of chloride of potassium that is required to be added ; for the amount 
of chloride of potassium that is necessary to precipitate the whole of 
the alumina as alum, will seldom or never meet with sufficient sul- 
phate of iron in the ley to become converted into sulphate of potash. 
Circumstances, and the production or non -production of green vitriol 
from the mother-liquor must decide the quantity of chloride of potas- 
sium that should be employed. This salt is also supplied in quantity 
from the soap w-orks (as soap-boilers* w^aste, vol. i. p. 416), the salt- 
petre refineries (vol. i. p. 342), and the glass-houses (as salts or 
sandiver, vol. ii. p. 39). W^ood ashes should never be used, not even 
w ith the addition of sulphate of potash, on account of the lime which 
they contain. Varec (vol. i. p. 285), on the contrary, is frequently 
used in France, and kelp (vol. i. p. 285) in England. Wherever 
illuminating gas is obtained from coal, the cheap ammoniacal salts 
collected from the condensers and saturated with sulphuric acid (vol. 
i. p. 475), or converted into sulphate of ammonia by gypsum or green 
vitriol, may be employed with advantage ; in like manner, the crude 
ammoniacal liquor obtained in the manufacture of sal-ammoniac by 
the dry distillation of animal refuse, may be applied to the same 
purpose. 

In order that no loss of the precipitating substance may be sustained, 
it is necessary to determine the requisite quantity before the operation 
is commenced. With ihis object in view*, a saturated boiling solution 
of the precipitating salt is added from a graduated burette, under 
constant agitation, to a measured quantity of the liquor as long as the 
flour which falls increases in quantity. The number of measures 
which have been employed indicate with sufficient accuracy the 
amount of solution required to precipitate a given volume of the 
liquor, and the tedious process of weighing is thus obviated. If the 
liquid, however, is allowed to cool during the operation, a portion of 
sulphate of potash (on account of its difficult solubility) may be pre- 
cipitated with the flour, and give rise to an error ; for this reason it is 

VOL. II. p 
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advisable to use as the testing liquid the easily soluble sulphate of 
ammonia, of which 1 part is equivalent to 1.32 parts of sulphate of 
potash, or to 1.13 parts of chloride of potassium. 

When the precipitating substance has been prepared and selected 
in accordance with these principles, the production of the flour is 
commenced by gradually adding the alkaline liquid to the liquor, 
which is kept in a state of continual agitation, until the flour has 
completely subsided. When this is finished, the workmen shovel 
the flour upon a slanting board at the side of the precipitating vat, 
that the mother liquor may run back. A portion of this mother- 
liquor, however, remains amongst the crystals, and is the cause of 
their brownish yellow color. The removal of this is the object of 
the next operation, or the washing. The same principles might be 
applied here as have already been mentioned under the refining of 
saltpetre (vol. i. p. 341): but it is generally considered sufficient to 
stir the meal in another vessel w-ith a small quantity of cold water, 
which takes up the mother-liquor and a proportion of the crystals 
corresponding to the temperature, and this operation is repeated once 
or twice. The first two portions of wash-water consist of liquor of 
medium strength, and are added to the evaporating-pans, whilst the 
last portion is used instead of fresh w^ater for the next washing. 

Crystalization . — The washed meal is not sufficiently pure, nor is it 
in the proper form for sale; the consumers require the product to be in 
large crystals, that deception may not be practised by mixing other 
powders of a similar appearance and character with the alum. Both 
requisitions are met by a second crystalization. The flour is either 
added to boiling water in copper vessels, until the point of saturation is 
attained, or is more advantageously dissolved by the aid of steam. At 
Valmunster, for instance, this operation is performed in wooden troughs, 
lined with lead, and covered over with a lid. In the lid there are two 
apertures, the one for the reception of the steam pipe, 4 lines in diameter, 
and into the other a wide leaden funnel is inserted up to the margin, 
the sides of which are pierced with holes, 3 lines in diameter, three 
hundred of which are spread over a square foot. This funnel being 
kept filled with the alum powder, the steam, in endeavoring to escape 
through the apertures of the funnel, dissolves the alum. The saturated 
solution which flows through is thus retained at the temperature of the 
steam. In a trough of this kind, 4 feet high and 2 feet wide, 36 
cwts. of alum can be dissolved in an hour. A residue of basic alum 
is generally left in the funnel, which is removed and employed as 
already stated above. The saturated solution (of 48° to 50° B =» 
1.485 to 1.515 sp. gr.) is now allowed to flow (by means of a leaden 
stop-cock) into the so-called growing vessels or roaching-tuns. This 
is the term given to the crystalizing casks, which are constructed of 
simple wooden staves without any lining of lead. They are about 5 
feet high, and 3 feet in diameter at the top, gradually diminishing in 
the shape of a cone towards the bottom, but in such a manner that 
the staves remain straight, so that by removing the hoops they may 
be easily taken to pieces. The greater part of the alum (78 per 
cent, at Valmunster) separates, on cooling, in very large crystals, 
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sometimes \sreighing 1 lb. each, which form a connected crust all 
round the sides of the cask, with the points of the crystals to the in- 
terior, and which is twice or three times as thick at the bottom. The 
crystalization assumes indeed the form of a vessel composed of alum, 
which is sufficiently strong to support itself. When, therefore, the 
hoops are knocked off, the staves may be removed dry, and several 
holes are made with a pointed axe in the saline crust, that the mother- 
liquor may run out into a gutter in the stone floor, and be conducted 
to a separate cistern.*^ The mass of alum is lastly broken into large 
lumps, w’hich are dried and packed for sale. 

Fig. 133 represents one of these crystalizing casks from which a 
workman is removing the staves. 

Fig. 133. 





• When the roach ing-casks are broken down, and the alum removed, a considerable 
<]nantity of white slime, mixed with small octahedral crystals of alum, is always found 


at the bottom. A quantity of this slime, washed until all 
found to beoomposed of: 

the alum was removed, was 

Sulphuric acid ..... 

39.40 

Alumina 

31.80 

Potash 

J0.03 

Moisture 

16.70 

Insoluble ...... 

2.29 


100,22 

Tlie insoluble portion contained: 


Silica 

73.79 

Alumina, with trace of iron 

21.83 

Lime 

3.49 


99.11 
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The Mbiher-Liquor.— The mother-liquor is composed of a saturated 
solution of persulphate and protosulphale of iron, of chlorides of iron, 
sulphate of magnesia, and sulphates of the alkalies ; besides these, it 
contains soda-alum, when soap-boilers’ waste (chloride of potassium, 
containing chloride of sodium), or when the bisulphate of an alkali 
saturated with wood ashes, has been employed as the precipitant, also 
sulphuric acid and other compounds in small quantity. Ihe nature 
of the ores determines whether the one or other salt is in largest quan- 
tity, and affords a clue to the subsequent application of the mother- 
liquors. To those w’hich are acid and contain iron, old iron is added, 
which converts the peroxide info protoxide of iron, and green vitriol is 
obtained. Others which contain much chloride of iron are evaporated 
to dryness and heated to redness ; the iron is then obtained as peroxide, 
which is used as a pigment. The mother-liquors are sometimes 
employed to saturate crude carbonate of ammonia (of the gas-works), 
and give rise to the production of sulphate of ammonia. Lastly, 
some of the ores contain so large a proportion of magnesia, that the 
mother-liquors can be used as a source of Epsom salts. 

Produce . — The great variations in the character and richness of the 
ores, do not admit of even an approximative relation being established 
between the quantities employed and the amounts of alum produced 
in the different works. Thus, at Valmunster, from 17,300,000 lbs. 
of alum-shale, 400,000 cwts. of alum, or 2.3 per cent, are obtained, 
for the production of w^hich, 100,000 lbs. of sulphate of potash are 
required, and 1,400,000 lbs. of coal are consumed. The slate of 
Luttich (Liege) yield only 2 per cent, of alum, and that from other 
localities only 1 or J per cent. 

The following is the mode of manufacturing alum, generally fol- 
lowed at Hurlet and Campsie, in the neighborhood of Glasgow. The 
calcined ore from the ridges is wheeled into large stone cisterns, called 
steeps, which are filled to about 18 inches above the false bottom, 
formed of loose planks resting on transverse beams. A wash from a 
previous steep is run upon this until it is completely covered, and 
allowed to rest for 8 hours; a plug is then removed from the bottom, 
and the liquor, which should have sp. gr. of 20"" Twaddle, is run into 
the supply-cistern to settle ; a second wash, of weaker liquor than the 
first, is then added, and allow^ed to stand as before, when it also is 
run off to the cistern. The operation is repeated if necessary, until 
the liquor falls below 12® Twaddle, at which strength it is not eco- 
nomical to evaporate, but the liquor is returned, as a first or second 
wash, to a fresh steep, according to its strength. The washing is 
continued with weak liquor, and finished with water. When the ore 
is considered exhausted, it is either wheeled to the w^aste heap or re- 
turned upon fresh ridges for the purpose of preventing too rapid com- 
bustion. The mixed liquors having been allowed to settle in the 
supply-cisterns, are next run into the boilers for evaporation. These 
are long cisterns, built of brick, and secured by puddle, arched over. 
They generally have a length of 60 feet, a breadth of 6, and a depth 
of 4 feet, and are capable of evaporating from 4,500 to 5,000 gallons 
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in 34 hours. The furnace is placed at one end of the boiler, netnly 
oji a level with the surface of the liquor when full, and a powerful 
chimney being placed at the opposite end, a strong draught is created, 
which, sweeping the flame and heated gases over the surface of the 
liquor, produces a very high temperature, and rapid evaporation takes 
place. The furnace is fired incessantly for 8 days, and the boiler is 
constantly supplied with liquor from the supply-cisterns till the last 
night, when a supply of mother-liquor is run in, which, depositing no 
sediment, as the fresh liquors do, by boiling, the whole liquor in the 
boiler is allowed at least 12 hours to settle and become clear. When 
the last supply of mother-liquor has been added, a quantity is taken 
out of the boiler for the purpose of ascertaining its value. This being 
boiled up to the proper strength with muriate of potash, a measured 
quantity having been previously tested with different quantities of 
muriate of potash, afibids on the following morning a crop of alum 
crystals, varying in amount with the quality of the liquor and the 
muriate used ; by washing, drying and weighing these, the alum- 
maker judges of the proper quantity of potash to be added per gallon 
of liquor. 

This being ascertained, by gauging the boiler when ready to run 
off, the sp. gr. being 60° T., the muriate is weighed out and placed 
in the cooler, which is a stone cistern, sunk in the ground, and secured 
by puddle. All being prepared, the plug is removed from the boiler, 
and the liquor conveyed by stone gutters to the cooler, where it is 
allowed to run in on the top of the heap of muriate. Towards the 
end- it is well agitated to insure a complete solution of the muriate 
and a uniform state of the liquor. In four or five days, the plug of 
the cistern being withdrawn and the mother-liquor run off*, the bottom 
and sides of the cooler are found lined with crystals of alum, generally 
some inches in thickness. This alum is called first-alum, and is re- 
moved from the cistern to the draining-stage, which is a raised plat- 
form, sloped in such a manner that the mother-liquor may easily drain 
from the heap. Granulation, or the forming of “ alum-meal,” is never 
practiced, as it is found to yield too small a return, and the mother- 
liquor, which contains a large quantity of iron-salts, cannot be so well 
drained from the meal, as from the firm, hard crystals. 

The first-alum having been drained, is now washed, to remove the 
mother-liquor from it as much as possible. For this purpose, tubs 
are filled with second-alum-mothers, or liquor which has been used in 
washing in a subsequent part of the process, and the alum, placed in 
wooden sieves, is rinsed in this liquor and thrown on the stage to 
drain. 

The second-alum-boiler, which is a deep stone cistern, covered with 
wood, is then prepared, by running in a quantity of liquor which had 
been previously used in washing the second-alum. Steam is then 
introduced until the liquor has nearly attained its boiling point, when 
the washed and drained crystals are thrown in, and constant agitation 
is kept up. This is continued til! as much alum has been added as 
will increase the sp. gr. to 60° T., when the temperature is raised as 
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much as possible by the steam, which is then shut off, and the boiler 
being closely covered up, the liquor is allowed to remain at rest for 
12 hours to allow all impurities to settle. The plug is then removed, 
and the clear liquor runs off to the second-alum-coolers, which, as 
before, are sunk stone cisterns. In these it remains for four or five 
days, when the sides and bottom are found lined with alum, now nearly 
white, to the thickness of 8 or 9 inches. The mother-liquor, which 
should have a sp. gr. of 26^, is now removed, and used for washing 
the first- alum, as already described ; and the crystals, being broken 
up, are removed to the roaching-stage, to be again washed with pure 
water, and drained, previous to the finishing process, which is called the 
roaching. The roaching-pan is a large leaden cistern, generally of 
many tons’ weight, closely covered over. Into this, a large quantity of 
steam is blown, and the alum is shoveled in to meet it ; a solution then 
takes place rapidly, without the addition of any water. The solution 
having reached 96°, the temperature is raised as high as possible, 
generally to 224° F., and the steam being shut off, the pan is closely 
covered up, and allowed to remain in a state of rest for 4 or 5 hours, 
or until the temperature has fallen to 200°. The water which had been 
used for washing the crystals is again used for w^ashing the first-alum 
as described above. During the time that the roaching-pan is cooling, 
the roaching-casks are being prepared, which are large, deep, wooden 
tubs, lined with lead, and capable of containing two tons each of 
finished alum. Into these the liquor from the roaching-pan is run, and 
the casks are covered up, each with its own lid. Being allowed to 
remain for 4 to 6 days, according to the state of the weather, the hoops 
are loosened, and the staves removed, the crust of alum being sufficient 
to withstand the pressure of the liquor within. After being allowed 
to stand in this state for two weeks longer, a hole is pierced in the 
bottom of each, through which the mother-liquor, called tun-liquor, 
sp. gr. 10°, is allowed to run off, and is removed to be used in dis- 
solving first alum. 

The mass of alum being now cut into square blocks of about 1 cwt. 
each, is ready for the market, and is either sent off in bulk, or packed 
in casks, as may be required. 

Production of Alum from Rocks containing Alumina , — In insolated 
cases the sulphurous acid which is evolved in certain metallurgical 
operations has been made subservient to the production of alum, by 
causing the vapors to act upon rocks containing alumina in a manner 
similar to that which occurs in nature under the influence of volcanic 
agencies. At Linz, on the Rhine, for instance, the sulphurous acid, 
evolved in the process of roasting zincblende (sulphuret of zinc), is 
passed over copper slate and basalt, which become decomposed when 
sufficient moisture and air are admitted. The product is a mixture 
of sulphate of alumina with the sulphates of iron and copper, and these 
are separated in the manner indicated above. It must be remarked, 
however, that many rocks, like the basalts, contain soda (as much as 
6 per cent.), which will give rise to a corresponding quantity of soda- 
alum. 
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From Clay . — The mode of obtainir^ sulphate of alumina, as first 
practiced by Alban and Chaptal in France, is essentially different. 
This is effected by the direct action of sulphuric acid upon clay 
(silicate of alumina and free alumina), which should only, of course, 
contain very small quantities of lime and iron. Plastic or pipe-clay 
answers best for this purpose; whatever kind of clay is used, it must 
always be previously burnt so as to admit of pulverization, for this 
reason, that fresh clay takes up the acid very much less readily than 
that which has been rendered porous by calcination. Another object 
of this calcination is to peroxidize the iron. When the clay has been 
ground and sifted, it is digested for several days wdth 45 per cent, of 
sulphuric acid (of 45° B. from the chambers) in a cistern which is 
heated by the w^aste heat from the calcining-furnace to about 70° C. 
(158° F.) Sulphate of alumina is thus formed, and the mass gradu- 
ally becomes thicker by the separation of silica. In this state it is 
removed from the cistern, and after having been exposed for some 
months to the air to complete the action of the acid it is lixiviated and 
precipitated. Others prefer kneading the fresh clay with potashes 
previous to calcining, when the digestion with sulphuric acid gives 
rise at once to the production of alum, and the deposition of silica. 

Some manufacturers employ large shallow troughs, lined with lead, 
and heated from below by flues, for the purpose of mixing the pre- 
pared clay with sulphuric acid ; in these it is frequently turned over 
until the acid has combined with the alumina.* In this state the 
whole is removed to the stone pit a, Fig. 134, where it is treated with 


Fig. 134. 



successive quantities of water to extract the sulphate of alumina. 
Each ley is syphoned off into the pipes 6, whence it is conveyed to 

• An improvement has very recently been made in th(» alx)ve process, which consists 
in distributing a certain quantify of the powdered clay upon a shallow circular trough, 
and allowing the necessary quantity of concentrated acid to flow from a cistern above, 
through a number of small jets upon it, while a rouser, worked by machinery, thoroughly 
mixes the acid and clay together, and causes a more speedy combination than is effect^ 
on the old plan in the troughs. 
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eraporating«pans to be boiled down to strength. The liquor is then 
pumped into another similarly constructed stone pit c, where the re- 
quisite quantity of sulphate of potash is added. The cistern or pit c, 
is termed the precipitating-vat ; the precipitated alum, which appears 
on agitating the solution, is allowed to subside, while the mother-liquor 
is syphoned off through the pipe a to be employed in small quantities, 
when not too impure, in the preparation of a subsequent precipitate. 
The precipitated alum, which is called alum-poioder, is washed in 
the cistern c with successive portions of water, w’hich are syphoned 
off in the same w^ay as the mother-liquor. The pure alum-powder is 
then ladled into the funnel-shaped vessel e, where it is very economi- 
cally dissolved by admitting a current of steam through the pipe fy 
and the saturated solution of alum flows down the pipe g into the 
crystalizing frame A. 

The evaporation and concentration of the various liquors are con- 
ducted in boilers, lined with lead, by means of steam pipes circulat- 
ing round the boilers, as shown in the drawing. Fig. 135, at i. This 
mode of evaporation is found to be best adapted for such liquors, as 
well as more economical. 

From Felspar . — According to a former proposition of Sprengel, 
which has recently been carried out by Turner, felspar (K 0 ,Si 03 + 
Alj 03 , 3 Si 03 ) is decomposed by the aid of sulphate of potash in a re- 
verberatory furnace, and subsequently fused into a glass with as much 
carbonate of potash. This exceedingly alkaline glass is decomposed 
by boiling water into a soluble silicate of potash, and an insoluble 
silicate of alumina and potash. The latter is converted by boiling 
sulphuric acid into alum and free silica ; the former can also be 
turned to account by removing its silica by means of lime. As no 
iron is present in these operations, salts of soda and soda-felspar 
(albite) might also be employed. 

Fig. 135. Fig. 136. 
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The furnace which Turner employed is known in the potteries as 
a ‘^grit-furnace,” and is shown in the sketch. Fig. 136. It was well 
adapted for this purpose, but Turner found in working out his patent 
on a large scale, that the great heat required was a senous drawback. 
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Tilghman’s recent patent for extracting the potash from felspar as a 
sulphate or muriate, holds out the prospect, however, of being able to 
dispense with such a high heat. 

Alum may likewise be obtained by treating a mixture of two parts 
felspar and three parts fluorspar with sulphuric acid at a low red 
heat, until the vapors of fluosilicic acid cease to be evolved. The 
mass is lixiviated with winter, and after the separation of a little sul- 
phate of lime, is evaporated, and deposits an abundant crop of very 
pure alum. 

Properties of alum, — Potash-alum parts w ith its water of crystalli- 
zation when heated to nearly 300° C. (572° F.); the melted mass 
presents a pulverizable, white, porous appearance, and is converted 
into anhydrous or burnt alum, [Alumen ustum)^ which re-dissolves 
with difficulty in water, but nevertheless slowly attracts its water of 
crystalization again from the air. At a red heat, the sulphuric acid 
of the sulphate of alumina is partly expelled in an anhydrous state, 
and partly as sulphurous acid*and oxygen, while sulphate of potash 
and alumina compose the residue. Ammonia-alum is affected in the 
same manner, but after being heated to redness, nothing but alumina 
is left. Both these varieties of alum have an acid reaction. 

The following analyses exhibit the composition of some artificial 


alums : 







I. 

POTASH-ALUM. 




Thomson 

Thenard. 

Vauquelin. 

Graham. 

Theoretical. 

Potash - - - 

- 9.86 

10.02 

10.40) 


f 9.95 

Alumina - - 

- 11.09 

12.53 

10.50 } 

54.11 

{ 10.83 

Sulphuric acid - 

- 32.85 

26.04 

30.52] 


( 33.71 

Water - - - 

- 46.20 

51.41 

48.58 

45.89 

45.51 


100.00 

100.00 

100.00 

100.00 

100.00 


11, SODA-ALUM. 




Wellner. 

Ure. 

Zellner. 

Graham. 

Theoretical. 

Soda - . - 

- 6.29 

6.48 

6.67) 


f 6.80 

Alumina - - 

- 10.19 

10.75 

11.00 V 

52.53 

11.21 

Sulphuric acid - 

- 35.10 

34.00 

34.32] 


(34.89 

Water - - - 

- 48.22 

49.00 

48.01 

47.47 

47.10 


99.80 

100.23 

100.00 

100.00 

100.00 


HI. 

AMMONIA-ALUM. 





Riffaiilt. 

Forclilmmmer. 

Theoretical. 

Ammonia - - 

m m m 

a 

it 


3.75 

Alumina - - 

m m m 

11.906 

11.24 

11.34 

Sulphuric acid - 

• 

36.042 

35.90 

35.29 

Water - - 

, - - . 

it 

it 


49.62 






100.00 



m 
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CH 1 NE 8 E-ALUM, {recently imported into this country.) 

Bichurdioa 


Sulphuric acid 
Alumina 
Potash 
Water 


34.06 

11.38 

10.44 

43.12 


99.00 

Impurities. — The purest kinds of alum always contain a little iron; 
that from Liege contains ; that from Gavelle, near Paris, 

Tvvvv * Aveyron, English alum contains 

This admixture of iron-alum, w’hich is easily detected by means of 
yellow prussiate of potash, is sufficient to deaden and impair the 
delicate light colors imprinted upon cloth ; it can, however, be removed 
by re-ciysfalization, or, as Prussian-b^ue, by the addition of the 
yellow prussiate. Only the Roman alums — this name being given 
in commerce to all varieties that are exported from Italy — are suffi- 
ciently pure for immediate use, and are highly prized on account 
of the minute quantity of iron which they contain, although their out- 
ward appearance would naturally lead to a contrary assumption. 
These varieties consist of small disconnected crystals, covered exter- 
nally with a reddish mud, composed of ferruginous earth;* this mud, 
however, is not dissolved with the alum, and the small portion of 
persulphate of iron contained in the soluble iron-alum does not exceed 
Alum of this character only produces a blue precipitate with 
yellow prussiate of potash after standing for several hours, whilst 
ordinary alum affords a precipitate in a few minutes. Roman alum 
is generally crystalized in the form of octahedrons, but cubical crystals 
occasionally occur, and have given rise to the name cubic alum. 

The composition of this alum, and the circumstances that concur 
during its formation, have not been minutely investigated, but its 
reactions differ in some respects from common alum. When the 
cubical crystals of Roman alum are dissolved in water at a tempera- 
ture ranging between 36° and 40° C, (96° to 104° F.), and the salt is 
re-crystallized, it is again obtained in the form of cubes; these are 
produced with greater certainty when the solution is submitted to 
spontaneous evaporation. At a higher temperature, the solution be- 
comes turbid by the separation of basic alum, and the clear liquid 
then affords octahedral crystals. The production of Roman cubical 
alum is therefore probably due to the presence of an excess of alumina 
in the crystalizing alum-liquor. By digesting octahedral alum, how- 
ever, with hydrate of alumina, and allowing the solution to evaporate 
spontaneously, exposed to the air, cubical crystals are obtained with 
the simultaneous separation of a basic salt of alumina, which have 
the same acid reaction, and the same properties as ordinary octahedral 
alum. 


This earth is said by some to contain no iron. 
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J\reutral alum . — Instead of adding alumina to ordinary alum, a 
similar result may be obtained by removing sulphuric acid from it by 
means of an alkali. The same compound is actually formed when a 
solution of alum is treated with carbonate of potash, as long as the 
precipitate, which is formed at first, is dissolved. This substance is 
Known in the arts as neutral alum^ and is essentially a solution of 
ordinary alum with a certain proportion of basic sulphate of alumina. 
A solution of this kind is naturally much more prone than unaltered 
alum to yield its excess of alumina to the vegetable fibre in the print 
works, and in this case, no sulphuric acid is liberated to act inju- 
riously upon the texture of the cloth. 

Commercial sulphate of alumina , — It has already been stated that 
the presence of an alkaline sulphate is not essential in those processes 
for which alum is employed, it is indeed rather objectionable than 
otherwise. A substance has recently been introduced into commerce 
under the name of alum, which is very much more efifectual than the 
crystaline salt; it occurs in thick four-sided plates, about an inch in 
thickness, which are white, and partially translucent, dissolve per- 
fectly in water, exhibit no trace of crystalization, and possess the 
peculiar taste of alum in a more marked degree than even alum 
itself. This substance is entirely free from iron. The process, for 
which Wiesmann has taken a patent, consists in treating clay with 
sulphuric acid in the manner already described, and differs only in 
adding no sulphate of potash to the solution of sulphate of alumina, 
but precipitating any iron that may be present by yellow prussiate of 
potash, and evaporating to the consistence at which the mass will 
solidify when cold, and then pouring it from the melting vessel.* 
Mohr found this substance, which is improperly called alum, to be 
perfectly free from iron, and to contain 13.91 alumina, 36.24 sul- 
phuric acid, 49.60 w^ater, and 1.5 sulphate of potash, which latter 
constituent is due to the small amount of potash naturally existing in 
all clay. This composition corresponds exactly with 7.1 per cent, 
of common alum, and 92.9 per cent, neutral sulphate of alumina 
(=s Alj0^,3S03-f 18 aq.). The only objection that can be raised to 
the practical application of this substance is, that its form precludes 
the possibility of estimating its purity by the outward appearance, 
which is so very easily done with alum, on account of the distinct 
crystaline form which it assumes. 

Wiesmann’s process for preparing a pure alum or sulphate of 
alumina free from iron has been found the most effectual and econo- 
mical, and consists, as practiced in this country, in agitating the so- 
lution of sulphate of alumina in a large wooden vessel a. Fig. 137, 
with a solution of prussiate of soda. After allowing the bulk of the 
precipitated Prussian-blue to subside, the supernatant liquor is run 
off into the wooden vessels 6, 6, 6, where it remains until perfectly 
clear and free from precipitate. The clear liquor is then treated in 
the manner already described. The precipitated Prussian-blue is 


Compare note, p. 175. 
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Fig. 137. 


repeatedly washed with water in the vessel a, to remove all traces of 
the sulphate of alumina, and the washings are run off into some of 
the vessels h for the above object. 

The Prussian blue is now treated with a ley of caustic soda, to 
separate the iron, and thus the same precipitant serves for a long 
period, with very little loss. 

The following is an analysis of a sample of commercial sulphate 
of alumina from which the iron had been removed by prussiate of 
soda : 


Sulphuric acid 




Riclmrtisoii. 

- 35.95 

Alumina - 

- 



- 1425 

Lime 

- 



- traces 

Magnesia 

- 



- traces 

Chlorine - 

- 



- traces 

Water 

• 

- 


- 48.05 





98.25 


The refuse which remains after lixiviating the crude sulphate of 
alumina, always contains some sulphuric acid, which probably exists 
as a subsulphate, and resists the solvent action of the water. Two 
samples furnished the following results : 

Richardson. 


Silica ..... 

Alumina, with traces of peroxide of iron 
Sulphuric acid .... 

Sulphate of lime .... 

Water ..... 

41.85 

18.40 

4.45 

4.01 

29.53 

39.05 

25.55 

8.47 

traces 

27.50 


98.24 

100.57 

A patent has been secured by Mr. Wilson to employ the shale of 
the coal formations, instead of clay, for the manufacture of alum. The 


only difierence in the mode of treatment consists in the first operation. 
Instead of calcining the shale in a reverberatory furnace, it is burnt 
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in large heaps in the open air, when the series of operations, already 
described, are followed. Mr. Wilson’s plans and calculations do not, 
however, appear to have been successful. 

OF GREEN VITRIOL, OR COPPERAS. 

It will have been evident from the foregoing section, that the pro* 
duction of alum from alum-ore was an indirect process, and mainly 
depended upon the prior formation of protosulphate of iron, which is 
altogether unconnected with the presence of alumina. When mineral 
masses, of a similar nature to the alum-ores, containing, however, no 
alumina, decay under the influence of the atmosphere, protosulphate 
of iron alone is produced, and of course no sulphate of alumina. 
Upon this fact the operations of the copperas factories are founded, 
and these are for this reason very similar to those carried on in the 
alum works. Amongst the crude materials employed in the copperas 
works, belong not only the carboniferous deposits which are impreg- 
nated with the sulphuretsof iron, but also iron pyrites itself, and many 
less massive varieties, like cock’s-comb pyrites, which when exposed 
in loose heaps to moist air, absorb oxygen, and are converted into 
green vitriol. 

The composition of iron pyrites is showm in the following analyses: 




Biicbolz. 

Hatchett. 

Berzelius. 

Iron 

- 

- 49 

47.85 

46.08 

Sulphur 

- 

- 51 

52.15 

53.92 



100 

100.00 

100.00 


These ores,' which are obtained from the coal formation, are col- 
lected together in heaps or walls Ay Fig. 138, in a manner similar 
to that pursued with the alum- 
ores, and are watered from 
time to time, to facilitate their 
decomposition. The fluid w hich 
runs from the heaps, collects 
on the w’ater-tight foundation, 
and is conducted to a basin, 
whence it is removed for boiling 
if sufficiently saturated, or returned to the heaps when the contrary 
is the case. 

Pyrites, which is not spontaneously decomposed by exposure, like 
that which occurs in the older geological formations, is roasted pre- 
viously to exposure, either in close vessels o»* in contact with air. 
In the former case aWit 10 per cent, of flow’ers of sulphur is obtained, 
and protosulphuret or f ths sulphuret of iron remains; in the latter 
case, the sulphur is burnt, and forms sulphurous acid, lea\ing prot(^ 
sulphuret of iron with more or less green vitriol as residue. This 
mode of treatment has been noticed in vol. i. p. 221, when speaking 
of sulphur and sulphuric acid. 

VOL. II. 


Fiff. 138. 
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These residues of the burnt ores are very easily decomposed, and 
are treated in preqis^v the same manner as the ores which are spon- 
taneously acted apou bt the atmosphere* 

Spence has patented this plan for employing the residue of the 
pyrites as it comes from the furnaces of the sulphuric acid manufac- 
turers. 

When the ore has been completely decomposed, the whole of the 
vitriol must be extracted from it by Jixiviation, provided the rain or 
the water that has been added has not entirely exhausted it, and this 
part of the operation is similar to that practiced with the alum-ores, 
as is also the process of boiling the cruae ley. 

The following is a very economical plan for evaporating the large 
quantities of liquid obtained in such works; £, Fig. 139, is a section 


Fig. 139. 



of the lead pan used for this purpose, which is about 30 ft. by 40 ft., 
and 5 ft. deep. Fig. 140 is a ground plan of the whole arrangement. 
Heat is communicated in the usual way to the boiler D, which is kept 
constantly full of water by a supply from the cistern E, through the 
pipe F. The hot water escapes from the top of the boiler by the 
pipe G, and flows through the entire length of the pans into the re- 
ceiving-pipe jFZ, whence it returns by the pipe /, which descends to 
the bottom of the boiler. K (Fig. 139) acts as a safety-valve. 

Lj Fig. 139, represents a crystallizing vat, with masses of crystals 
adhering to the wooden sticks which are suspended in the liquid. 
They are generally about 16 ft. square and 6 ft. deep. 

Another plan for manufacturing sulphate of iron was patented by 
Mr. Gregson, and carried out into practice at Newcastle. He em- 
ploys ground slag, from the iron balling-furnaces, made into a thin 
paste with water, and an equal weight of the oil of vitriol of com- 
merce, previously diluted with its own weight of water. The action 
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is very rapid, but the sulphate of iron which is obtained has been 
hitherto only employed for the manufacture of Venetian-red, in con- 
sequence of some unexplained difficulties attending its crystalization. 
This patent is very ingeniously combined with the manufacture of 
Epsom salts, &c. 

When the copperas has been boiled for some time, the gypsum 
and basic persulphate of iron are deposited in such quantities as to 
render a clearing process necessary before the final boil is given to 
the ley. The workmen are in the habit of adding pieces of old iron 
lo the crude-ley-cisterns, but more especially to the boiling-coppers 
and clearing-vessels. In this manner the amount of copperas is in- 
creased by the saturation of the free sulphuric acid, and the peroxide 
of iron which has been formed is partly reduced to the state of prot- 
oxide (Fe^Oj and Fe=:3FeO), but what is of more importance in all 
cases where the ley contains sulphate of copper, the iron is sub- 
stituted for the copper which is precipitated in the metallic state. 
This process, therefore, which is sometimes undertaken with a view 
to obtain copper (Cementkupfer) from solutions containingthe sulphate 
of that metal and green vitriol at the same time, is a means of purify- 
ing the copperas from a constituent which may sometimes prove pre- 
judicial to the purposes for which it is employed, and which cannot 
be separated by crystalization. 

Thp following sketch. Fig. 141, represents a section of a heater 
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for dissolving the old iron and concentrating the copperas liquor. 
These heaters are large leaden pans, capable of holding from 15,000 
to 30,000 gallons of liquor, a a is the leaden pan cased in fire-bricks 
b J, and heated by flues underneath and at each side c c c c. Masses 
of old gas retorts d d are placed upon leaden supports e e e, so 
that any deposit may fall to the bottom of the pan and preserve the 
surface of the iron as clean as possible for the action of the acid in 
the liquors. For a similar purpose, the leaden vessels f pierced 
with holes and filled with iron borings or turnings are sus- 

pended by leaden supports from a joist A, resting upon the side walls. 

A sample of refuse or deposit which had collected upon the bottom 
of a heater, and w^hich had been exposed to the oxidizing action 
of the air, was found to consist of: 


Peroxide of iron - - - - 38.05 

Lime - - - - 5.07 

Magnesia ----- trace. 

Sulphuric acid - - - - 36.10 

Chlorine ----- trace. 

Antimony ----- trace. 

Arsenic . . - - - trace. 

Sand and carbonaceous matter - - 12 72 

Moisture ----- 6.50 


98.44 

By digestion in w’ater, this residue furnished 49.76 per cent, 
sulphate of peroxide of iron, so that the composition is probably^ as 
follows: 
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Sulphate of lime - 

- 

12.31 

Sulphate of peroxide of iron 
Sulphuric acid 3.98 ) 

- 

49.76 

17.15 

Peroxide of iron 13.17 ) 


Insoluble matter - 

- 

12.72 

Water - . - 

- 

6.50 

Magnesia, Antimony, ) 

Arsenic, and Chlorine ) 

- 

- trace. 



98.44 


This residue is generally sold as black copperas,” but it is obvi- 
ous, from the above analysis, that it would be much more profitable 
to lixiviate it in hot water, and add the solution to the original liquors 
in the heater to deoxidize the peroxide of iron, and thus save upwards 
of 86 per cent, of its weight of pure copperas. 

In some instances, silver and gold are found in the residuum of 
these manufactories, and in one case where a pyrites, holding a small 
quantity of copper, was employed for the production of sulphuric acid 
by roasting at a low temperature, so as to leave the sulphate of copper 
undecomposed, according to Mr. Cookson’s patent, and then extract- 
ing the latter substance by lixiviation, the refuse from it contained in 
20 cwt. 

1 oz. 17 dwt. 8.0 grs. of gold, 

47 oz. 15 dwt. 17.6 grs. of silver. (Richardson.) 

The refuse analyzed above, and which was the product of the 
pyrites of the coal formation, was roasted with carbon to destroy the 
sulphuric acid, smelted with litharge, and the button of lead cupelled, 
with the following result: 

0 oz. 3 dwt. 22.08 grs. of silver, and no gold per 20 cwts. of 
refuse. (Richardson.) 

When the sediment has settled down with any metallic copper that 
may occur in the clearing-cisterns, the clear ley is returned to the 
boiler and evaporated to the point of crystalization ; it is then trans- 
ferred to the growing-tubs in which wooden rods or straw-halms are 
placed for the crystals to attach themselves to, and treated in the 
manner already described at page 165. 

The mother-liquor may be still further evaporated, or used, for the 
production of red color, when it is not required for distillation in the 
manufactories of anhydrous sulphuric acid (vol. i. p. 242). 

In some cases, and especially those where the copperas is produced 
by the action of sulphuric acid on iron, the w'hole is made into Venetian^ 
red. In others, on the Continent of Europe, the copperas liquors are 
evaporated todryness in iron-pans, having been previously concentrated 
to the proper specific gravity in leaden vessels. The salt is well dried 
in a reverberatory furnace, when it possesses a white color, in which 
state it is subjected to distillation in earthenware retorts. 100 parts 
yield 36 parts of fuming sulphuric acid, and 51 to 52 parts of oxide of 
iron. The following is the actual cost of the process in a Bohemian 
manufactory : 

Q* 
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Calcined copperas 550 lbs. . . - 139.2 fr. 

Coals 3124 lbs. 67.5 

Labor, cylinders, receivers, wear and 

tear, &c. ----- 79.8 

Interest of capital, &c. - - - - 1.17 

287.67 fr.=. $53.50 

Produce 200 lbs. of fuming acid =» 220 lbs. oil of vitriol and 286^ 
pounds of peroxide of iron for Venetian-red. 

Spontaneous decomposition is sometimes found to have taken place 
in heaps of pyrites collected together by chance, and artificial measures 
are then unnecessary. At Ramraelsberg, near Goslar, in the Hartz, 
for instance, the ores that were formerly considered unfit for smelting, 
and were composed almost entirely of pyrites, were used for filling up 
the excavations in the mines, and by spontaneous decomposition have 
become converted into a solid mass, called “oW man.’’ Green 
vitriol is obtained from this mass in Goslar by simple lixiviation. 

The following are some analyses of natural sulphates of iron : 


COMPOSITION OF NATURAL PERSULPHATE OF IRON. 



Copiapo — Chili. 

A - 

Kolosoruk. 

ill 

Bohemia. 

Modum, in 
Norway. 

Rammels- 
berg, near 
Goslar. 

Crystal- 

lized. 

Granu- 

lar. 

Plates. 

Radi- 

ated. 

Sulphuric acid • 


43 A5 

43.55 

39.60 

31.73 

32.111 

32.42 

13.586 

Perox. of iron - 


24.11 

25.21 

26.11 

28.11 

46.736 

49.37 

^.!?54 

Alumina • 


.92 

.78 

1.95 

— 

— 

— 


Lime . - - 


.73 

.14 


1.91 

.643 



Magnesia - 


.32 

.21 

2.64 

.59 

— 

— 

— 

Poiash 


— 

— 

— 

~ 

7.883 

5.03 

— 







soda 



Oxide of zinc - 



— 


— 

— 

— 

1.2:12 

Ox. of copper - 


— 

— 

— 

— 

— > 

— 

.875 

Silica 


.31 

.37 

1.37 

1.43 

— 


2.000 

Waier 


30.10 

! 29.98 

29.67 

36 56 

13.564 

13.13 

18.454 



100.04 

i 100.24 

101.34 

100.53 

100 937 

99.95 

100.000 



M. Rose. 

Scheerer. 

Jordan. 


Auteuil, near Paris, by Meillet. 


Sulphuric acid .... 42.90 
Peroxide of iron ... - 53.30 

Water 3.96 

100.16 

COMPOSITION OF NATIVE PROTOSULPHATE OF IRON (oR GREEN 

Campsie, near Glasgow. 

vitriol). 


Berihier. 

Philips. 

R. D. Thomson. 

Sulphuric acid * - 

34.4 

30.9 

35.600 

28.635 

Protoxide of iron 

12.0 

20.7 

13.560 

19.935 

Alumina - - 

8.8 

5.2 

7.127 

2.850 

Magnesia ... 

0.8 

— 

— 


Water ... 

44.0 

43.2 

43.713 

48.580 


100.0 

100.0 

100.000 

100.000 
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Green vitriol forms pale-green distinct crystals, containing 7 equivs. 
of water. It is never pure as prepared in large quantities ; although 
the neutral persulphate of iron and sulphate of alumina remain dis- 
solved in the mother-liquor, other sulphates crystalize easily with the 
copperas; amongst these are the sulphates of copper, zinc, and tin, 
when the ores contained the corresponding sulphurets, and not un- 
frequently sulphates of lime and magnesia accompany the crystals of 
copperas. Arsenious acid also sometimes occurs, when arseniurets 
were present in the pyrites, and alumina is introduced by the enclosed 
mother-liquor. 100 parts of water dissolve, according to Brandes 
and Firnhaber, the following quantities of crystalized protosulphate 
of iron: 

Temperature C. 10° 15° 25° 33° 46° 60° 84° 90° 100° 
Sulphate dissolved 60 96 114 151 227 263 270 370? 333 

The solution of this salt dissolves a large quantity of binoxide of 
nitrogen; a property which it shares in common with all the salts of 
the protoxide of iron. 

The crystals become brown when left long exposed, in consequence 
of an incipient decomposition, during which basic persulphate of iron 
is formed. Green vitriol is isomorphous with sulphate of copper, and 
is enabled consequently to crystalize in all proportions wdth that salt. 
The crystals containing the two salts are of a bluish-green, and the 
blue tint becomes more intense as the amount of copper increases. 
The copperas prepared at Salzburg and Admont is of this kind, and 
is prized on account of the copper which it contains, this being de- 
sirable in some of the applications that are made of it. The method 
of removing the copper has already been mentioned. 

When the crystals are formed from acid solutions (as in Sweden 
and England), they exhibit a more green blue color, and are often 
covered with a white or yellowish powder; from neutral solutions (as 
the German), the copperas crystalizes in turbid dull-green crystals, 
w’hich remain very dry, whilst those obtained from ley rich in perox- 
ide of iron (like that of Muskau) are much contaminated with the 
latter substance, and are consequently subject to be constantly moist 

According to Dumas, the variations in commercial copperas are 
due to a peculiar double salt of the prot- and peroxides of iron, w hich 
is still little known. Two varieties are constantly met with, the one 
of which is of a grass- green color and in large crystals, the surfaces 
of which are not liable to be coated with an ochreous deposit ; the 
other, which is of a clear green, is habitually mixed with effloresc.^d 
portions, or is covered wdth sub-sulphate of peroxide. The former 
contains both prot- and peroxide, and the latter is simply a salt of 
the protoxide. In passing to the state of a double salt, this becomes 
oxidized on the surface. The dark colored salt is generally less acid 
than the other. To correct the color of the latter, it is often watered 
with a solution of common salt or of tannin. But these substances, 
in changing its color, do not alter its state of acidity. 
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.Suipbate of iron is also made by the action of sulphuric acid upon 
iron, irpn-slags, &c., in which case, the experience of Berard has 
shown that the most beneficial action is produced by using acid of 
1,21 sp. gr., and maintaining the liquor at that stren^h. When the 
mother-leys are mixed with the acid, the specific gravity of acid and 
1^ ought not to exceed 1.283, nor be lower than 1.261, and he fur- 
ther recommends that the fresh acid ought to be of 1.32 sp. gr. when 
mixed with its own volume of mother-ley, and as high as 1.455 when 
two-thirds of the latter are employed. 

M. Lefort has investigated the composition of the different kinds of 
copperas employed in France for producing a black dye, and also 
for mixing with corn which is to be sowed, and which are known 
under the names of vitriol Salzbourg and vitriol mixte Chypre, 

The former of these salts was generally supposed to be a mixture, 
in variable proportions, of the sulphates of iron and copper, and the 
latter to be a mixture of the sulphates of iron, copper, and zinc. 

The vitriol Salzbourg is manufactured at Paris, Vienne fin Dau- 
phine), and Bouxwiller, and varies very much in composition in the 
different manufactories. Its value is in proportion to the quantity of 
sulphate of copper which it contains. 

It is prepared by roasting iron and copper ores exposed to the 
atmosphere, or by oxidizing copper and iron by heat, and dissolving 
the oxides in dilute sulphuric acid. The quality of the product is 
very much influenced by the amounts of iron and copper in the mix- 
ture, and by the degree of concentration of the liquors, which is kept 
secret in the manufactories, ^he mixed sulphate from Bouxwiller is 
very superior to that manufactured at Paris, and is always of uniform 
composition, and has a crystalline form peculiar to itself, while the 
Parisian sulphate is very variable in composition at different times, 
and is always in the form of green vitriol. 

The compound sulphate of Bouxwiller was found, on analysis of 
several specimens, to correspond very nearly with the formula, 
Cu0,S03+ 3(Fe0,S03) + 28HO, 
or with the following : 


4 equivs. sulphuric acid - 


In 100 parts. 

28.76 

1 oxide of copper - 

- 

7.11 

3 protoxide of iron 

- 

18.91 

28 w^ater - - . 

- 

45.22 



100.00 


By mixing 1 equiv. of sulphate of copper with 3 equivs. of sulphate 
of iron, the compound sulphate was obtained in quadrangular prisms 
with oblique base, perfectly similar to those of commerce. 

100 parts of water at 7^ C. dissolve 75 parts of the salt. 

The vitriol mixte Chypre is a double sulphate of copper and zinc, 
which is used in the south of France for mixing with corn which is 
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to be sowed, the action being generally attributed to the sulphate of 
copper. 

This salt is brought into commerce from the mines of Chepy, 
where it is probably derived from the hydrated carbonate of copper 
and zinc, or buratite, lately discovered by M. Delesse in these mines. 
The double sulphate occurs in oblique rhombohedral prisms of a clear 
blue color. 

The analysis of the salt yielded a very close approximation to the 
formula, 

Cu0,S03+3(Zn0.S03) + 28H0. 

Or, 

In 100 parts. By experiment. 

4 sulphuric acid - - 27.99 28.10 

1 oxide of copper - 6.92 6.27 

3 oxide of zinc - - 21.19 19.48 

1.83 protoxide of iron. 

28 vrater - - - - 44.00 44.23 water. 

100.00 99.91 

This salt may be formed artificially by dissolving together 1 eq. of 
sulphate of copper with 3 equivs. of sulphate of zinc, and crystaliz- 
iug over sulphuric acid. When equal equivalents of the two salts 
are dissolved together, two-thirds of the sulphate of copper separate 
in the first instance, and, subsequently, the above double salt. 

The commercial sulphate becomes covered, when exposed to the 
air, by a basic sulphate of iron. 

106 parts of water at 8° C. dissolve 80 parts of this salt; boiling 
w^ater dissolves it in all proportions. 

A large number of vitriolic products are manufactured in Bohemia, 
from the argillaceous shales and lignites containing iron pyrites, and 
it may be well worth while to call attention to the plans adopted 
there for converting the unsaleable copperas into anhydrous sul- 
phuric acid. Of the method for extracting the sulphur in the first 
instance from the dodecahedral pyrites, and for converting it into sul- 
phuric acid, w’e shall not treat at present, but refer to vol. i. page 
217, nor shall we dwell upon the plans for converting the roasted 
pyrites into protosulphate of iron by exposure to the air and \vater, 
but shall confine our attention to the lixiviation of the aluminous 
schist, or more properly the pyritous schist worked in the manufactory 
of Weissgriin. 

The following table shows the composition of these various deposits 
according to the analyses of M. Anthon: 
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COMPOSITION OP PTRITOOS SCHIST. 
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Those varieties which contain the pyrites in a minute imperceptible 
state of division are more appropriate for the purposes to which they 
are here applied than such as contain large crystals. None of the 
%"arieties are roasted previous to exposure. The schists are exposed 
at Weissgriin in long ridges, 26 feet high, upon a surface of clay pre- 
pared for the purpose, and slightly inclined. They are lixiviated 
every 2 months, and each lixiviation lasts about 10 days. The liquors 
are generally sufficiently saturated as not to require being returned to 
the ridges; they show a density of 10° B. (== 1.071 sp. gr.). 

These liquors are evaporated to 40° B' ( = 1.380 sp. gr.) in a 
series consisting of 3 pans of the same length, arranged in the manner 
shown in Figs. 142, 143 and 144. 


Fig. 142. Fig. 143. 



The pans are rectangular and flat-bottomed, about 9 feet in length ; 
the two outer pans, Fig. 142, are placed on the same level, and 
are about 2 feet wide and 4 inches deep; the middle pan C, is about 
3 feet wide and 4 inches deep, and is placed about 2 inches lower 
than the other two (Fig. 143). The pans are supported and protected 
from the flames by bars of iron, /, placed in juxtaposition. The 
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grate extends the xvhole lengtli of the pans. The liquors to be con- 
centrated flow continuously into the lateral pans, C, and (Fig. 
142), from the corners a o', and pass through these at the angles cc', 
into the pan Cg, and flow off through the tube d, in the middle of the 
opposite side. A deposit of sub-sulphate of iron is formed during the 
evaporation, and is removed from the pans every 2 hours. These 
leaden pans last on an average 7 or 8 months. The liquors which 
have thus been concentrated to 40° B. (1.380 sp. gr.), flow into two 
flat pans placed at the same level with the preceding, where they are 
concentrated to 45® B. (1.455 sp. gr.) From thence they are allowed 
to run into hemispherical cast-iron pans, where they are brought to 
the consistence of a syrup after 24 hours’ evaporation. The syrup is 
then taken up with iron scoops, and conducted by wooden channels 
to a cast-iron bed, tig. 145, heated by three fires, w’here it is evapo- 
rated to dryness. 

This plate is constructed of 8 parts, each of which measures a 
square meter (meter=3 f. 3 in.), and which are simply placed one 
by the side of the other, resting upon five bars of iron which are 
supported by the sides of the fire-places and by the \ralls, Fig. 146. 

The arrangement is heated 
by three grates below the 
iron plate, and the flame and 
smoke escape on the oppo- 
site side to the grate-doors. 
The syrup is completely de- 
siccated in about 80 hours; 
it is then called vitriolsteiriy 
and only contains from 4 to 
5 per cent, of water. Ana- 
lysis showed that for every 
9^ parts of peroxide of iron, 
it contained only 1 part of 
protoxide. 

The most concentrated liquors from the ridges are allowed to crys- 
talize, and copperas is thus obtained. The mother liquor is then 
saturated with carbonate of potash in order to obtain a crop of alum 
crystals. 

In Hromitz, the liquors are partly concentrated in a series of eva- 
porating vessels somewhat similar to those used at Weissgriin, until 


Fig. 147 . 
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they hive attaiiied 40® B., and are then brought to the consistence 
of a syiiip, partly in hemispherical cast-iron vessels, partly in rever- 
beratory furnaces, shown in section at Fig. 147 ; and which resemble 
the furnaces employed in the neighborhood of Paris for the manufac- 
ture of sulphate of alumina. In these furnaces, the soles of which 
slope towards the fire, the liquors are concentrated to 40® B., and 
having been brought to the state of syrup in the round iron pans, the 
mass is allowed to cool and solidify in earthen vessels. From these 
it is broken out with axes, and transferred to a rectangular brick rever- 
beratory furnace, Fig. 148, which is heated by two fires, in order to be 


Fig. 148. 



perfectly desiccated. The arch of the furnace is very low, the door is 
closed during the operation, but two small apertures are left, at the side 
of it for the admission of air. The charge is spread uniformly over the 
sole of the kiln, and is frequently turned over with rakes. Each 
operation lasts 6 hours. The dry product {vitriolstein) is then dis- 
patched to Radnitz for conversion into fuming oil of vitriol. This 
process consists in the dry distillation of the vitriolstein. The pots 
in w^hich the distillation is effected are constructed of refractory 
stone-ware, and after being baked in a kiln, upon the premises, are 
about 9 inches long, 2.4 in diameter at the bottom, 4.2 at the middle, 
and 3 inches at the mouth : they are about 0.4 inches thick in the 
sides. Before being used they are covered with a lute which is easily 
fritted by the action of the fire. The receivers are of much the same 
shape, but longer and narrower at the mouth. The upper row in the 
furnace is occupied by a single range of pots, twenty-eight inches in 
length. 

The gallery-furnace for the reception of the pots is rectangular in 
section, and is composed of two parts essentially distinct. The lower 
part is built of massive masonry, enclosing the ash-pit and the grate, 
which extends the whole length under the range of pots; the upper 
part consists of two vertical walls of perforated brick-w’ork, w^hich 
form the sides of the furnace and support the pots. This latter po- 
tion demands frequent repair. 

VOL. II. & 
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Fig. 149 represents a front vertical section, and Fig. 160 a lon- 
gitudinal section of the furnace. 

149. encloses 4 tiers of the smaller 

sized pots, arranged with their bot- 
toms in contact, and an upper tier 
of long pots, which extend from 
one side of the furnace to the other, 
and are open at both ends. The 
w^hole, therefore, contains 288 pots ; 
32 large, and 256 small. The 
long sides of the furnace are di- 
vided into squares by vertical and 
horizontal bricks of the same di- 
mensions, and 4 pots are placed 
in each square, separated from 
each other by small bricks, the 
interstices being luted with refrac- 
tory clay. The arch of the fur- 
nace is constructed of flat bricks, simply placed alongside of each 
other, and cut sloping at their extremities, to allow the flame to pass, 
A small chimney is sometimes built to the furnace, but it is more fre- 
quently without. The pots are charged with the vitriolstein, previ- 
ously broken up wdth a hammer, by means of a semi-cylindrical 
spoon, each pot receiving 2 spoonfuls. The coal for the first charge 
is then ignited below the grate, and is thrown upon the grate at the 
expiration of about an hour or an hour and a half. The fire being 
carefully regulated by opening or shutting the doors, at the end of 4 
hours the lower tier of pots is brought to a dark red heat. The re- 
ceivers are successively introduced into the pots and luted, those of 
the second layer resting immediately upon the first, and a wooden 
support being introduced between the second, third, and so on, as 
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shown in Fig. 150. The receivers are slightly inclined, and a small 
quantity of water is placed in each ; this is sufficient to receive the 
acid from 4 consecutive distillations, after which it is in the state of 
concentration required in commerce. The fire is gradually increased, 
and after from SO to 36 hours, no more acid is evolved from the upper 
tier of pots, and the distillation is finished. The whole is then allowed 
to cool for 12 hours, and the receivers being removed, the colcothar 
is taken from the pots. This contains about 6^ per cent, of sulphate 
of lime, and amounts to about 30 or 35 per cent, of the vitriolstein 
employed. 

The pots are now examined by the sound which they emit when 
struck ; the broken ones removed and being replaced by fresh pots, 
the distillation is recommenced. 

Each operation lasts about 48 hours, and three are completed in a 
week. From 47 to 50 per cent, of the vitriolstein is obtained in 
fuming sulphuric acid ; 5 parts of coal are consumed for 1 of vitriol- 
stein distilled. About 30 pots and 3 receivers are replaced after each 
distillation, which is equivalent to about 10.42 and 1.04 per cent, 
respectively. 
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CLAY WARES. POTTERY AND PORCELAIN. 

Of Clay , — Amongst the various deposits which have succeeded 
the formation of the primitive rocks upon the surface of the globe, 
there are certain earthy strata of very considerai)le extent, composed 
chiefly of silica and alumina, partly in combination and partly in 
mere mechanical mixture, with other less prominent and essential in- 
gredients. These strata are characferized by the very minute state 
of division of their particles, and their want of firm connection or 
solidity. It is to this peculiar structure that the most valuable pro- 
perty of clay must be ascribed, that is, its plasticity or the property 
of forming a dough with water, sufficiently soft to take the most deli- 
cate impression from a mould, and so deficient in elasticity that even 
the slightest indentation is lasting and persistent. 

♦ By far the greater number of clays are so intermingled with sub- 
stances foreign to them in their original localities, or have been pri- 
marily derived from such compound species of rock, or, lastly, have 
been so very far removed, by the agency of water, from the sources 
of their different constituents that it is next to impossible to trace 
back the course of their formation to its very commencement. Al- 
though the clays may be viewed in general as the remains of certain 
rocks, which have been decomposed by various agents, chiefly atmo- 
spheric, which have, in a w^ord, been weathered^ yet there are few cases 
in which the production of clay has occurred in the immediate locality 
of the rock whence it is derived, and in such a simple manner as to 
enable its origin to be traced in all particulars, and established indu- 
bitably by chemical facts. One of these cases, however, has occurred 
with the so c?\\ed porcelainrclay or kaolin^ which is found in a primi- 
tive position surrounded by the rocks from which it has sprung, offer- 
ing an object of as great interest to the geologist as to the manufac- 
turer ; to the former as an instance of clay in its most pure and original 
form, the prototype, as it were, of all the clays; and to the latter as 
the chief material for the production of porcelain. The highly com- 
plicated problem relating to the nature and mode of production of 
kaolin has, however, at length been deciphered with great success at 
the cost of much time and trouble. 

It was first ascertained that all species of kaolin w^ere produced by 
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the action of the atmosphere upon certain minerals belonging to the 
felspathic class, or nearly allied to it, as spodumene, porcelain spar, 
&c., which, as is well known, are constituents of the most extensively 
diffused rocks, viz., granite, gneiss, syenite, the porphyries, &c. 

The varieties of felspar, however, are combinations of a neutral 
silicate of alumina (in which one portion of the alumina is sometimes 
replaced by oxide of iron), with the silicate of a base which may at 
different times be potash, soda, lime, magnesia, either together or 
singly, and the general formula for which is: M203,3Si03+M0,SI03, 
in which M represents 1 equivalent of the metallic element. 

All the porcelain-earths contain, in addition to the real clay (the 
plastic constituent, as it is generally called) — consisting of a combina- 
tion of silica, alumina and water, and forming the basis of all clay — 
much undecomposed debris of rock, besides silicates of the earths 
(magnesia lime) and free silicic acid, which can only be very imper- 
fectly separated from each other by mechanical agency, for instance, 
by suspension in water and subsidence. The rocky debris may be 
composed of such minerals as are capable of forming porcelain earth, 
but which have not yet been sufficiently disintegrated (portions of 
felspar, for instance, of which there is 16 per cent, in the porcelain 
earth of Limoges), or it may consist of other minerals which are not 
capable of such a transformation, and are therefore in no way con- 
cerned in its formation, but like the silica, which is contained in the 
form of quartz sand in the mother-rock, are left undecomposed and 
mixed with the porcelain-earth. Independently of this, which con- 
stitutes the chief part of the silica that cannot be decomposed by the 
ordinary wet reagents, the porcelain-earth contains another j)ortion of 
silica, of quite a different origin. This latter is derived from the 
silicates of the more powerful bases (not alumina) which are a pro- 
duct of the disintegration itself, and which part with a portion of their 
bases to the more powerful acids. Silica separated in this manner 
is distinguished by its solubility. 

When porcelain-earth is examined, this soluble silica must conse- 
quently be first removed, as in the future operations it would no longer 
be able to be distinguished from that portion which is in combination 
with alumina. The earth may be boiled with this object in view for 1 
or 1^ minutes, with a solution of caustic potash of 1.075 sp. gr. (con- 
taining 20 per cent, of potash), (Brogniart and Malaguti). The amount 
of real clay may then be completely extracted from the residue by boil- 
ing it successively with sulphuric acid and caustic potash. The acid 
then dissolves the alumina (with traces of silica), and leaves the silica 
in a state in which it is easily dissolved by potash. In this manner the 
silica is held in solution by the |X)tash (the undecomposed minerals 
being left as residue), and the alumina by the sulphuric acid (besides 
the earths and alkalies when these are present) which together make 
up the aluminous compound of which the porcelain-clay is composed. 
In far the greater number of porcelain-earths this substance is com- 
posed of M303,Si03-f 2 aq. A comparison of this composition with 
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that of the varieties of felspar, will throw light upon the chemical 
process concerned in the production of porcelain-earth. 

Thus felspar - - tas M3O3+4 Si03+K0 is decomposed into 

Porcelain-clay - «= M2O3+ SiO, and into an insoluble 

Silicate of potash =: 3 8103 +KO when the felspar con- 

tained potash, 

Or silicate of soda == 3 Si03 4-Na0 when soda w^as the base 

in the mineral. 

These silicates are then subjected still further to the same decom- 
posing agencies; the latter parts with Si03 and becomes soluble 
Na0,2Si03, whilst from 3 equivs. of the former = 3K0,9Si03, the 
same amount of silica is separated, and there remains a compound 
== SKOjSSiOj. It is worthy of notice that this composition SKOjSSiO, 
represents that of soluble potash glass. 

The soluble silicate NaO,2SiO^ has been found in the water of 
the Geyser, in Iceland, by Forchhammer. Both the soluble silicates 
have been removed by the agency of w’ater, and again decomposed 
in a variety of ways, giving rise to opal, silicious slate and other 
minerals. When the felspars contain alkaline earths, these are gene- 
rally found in the porcelain-earth, as will be seen by the analyses 
below. Several other causes besides the action of the atmosphere are 
now known to have taken part in the decomposition of felspar in dif- 
ferent localities; thus Forchhammer has found that aqueous v-apor at 
a temperature of 222^ C. (432° F.), w’hich is equivalent to a pressure 
of 23 atmospheres, will decompose felspar, and that the w^ater dis- 
solves an alkaline silicate ; Malaguti and Brogniart have also shown 
that the same occurs under the influence of the voltaic current. 

These decompositions and modes of formation explain the great 
discrepancies which have been observed in the composition of porce- 
ain-earth from different localities, as also in that from the same 
locality, differing in the position in which it is found and in age. 

I he soluble silica will be removed and dissolved in proportion as 
water has free access, and according to the time during which it has 
exerted its solvent influence. Thus Berthier found in the clay-like 
portion of the earth from Limoges, 43 per cent, silica, and 40 per 
cent, of alumina; whilst Brogniart and Malaguti only found 42 per 
cent, silica, and 34.6 alumina in the same kind of earth of a more 
recent deposit. The following table contains the results of 31 analy- 
ses carried out by Brogniart and Malaguti. 
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Portion not plasti 

c. 


Plastic portion. 

6 

Rocky residue insolu- 
ble in potash and acid. 

Lime, magnesia, 
potash. 

Lime, magnesia, soda. 

Iron and manganese. 

Silica. 

K 

Alumina. 

Water. 

Formula for the plastic 
portion alone. 

» 

•N 

Separated by 
potash. 

In combination 
with aiumina. 

J 

1 

9.76 

1.33 

— 

trace 

10.98 

31.09 

34.65 

12.17 

ALOa, SiO, 4- 2 aq. 

2 

8.96 

1.80 

— 

u 

2.67 

37.24 

36.37 

12.94 

ditto 


3 

24.87 

1.56 

— 

u 

7.79 

25.14 

29.88 

10.73 

ditto 


4 

4.30 

1.55 

— 

u 

10.19 

34.07 

36.81 

12.74 

ditto 


5 

48.00 

— 

— 

1.23 

6.62 

17.32 

21.14 

7.42 

ditto 


6 

4.50 

2.85 

traces 

0.56 

9.71 

36.77 

37.38 

12 83 

ditto 


7 

26.42 

1.13 

— 

trace 

7.13 

25.35 

29.45 

10.50 

ditto 


8 

34.44 

1.57 

— 

(( 

IM 

21.44 

25.75 

9.60 

ditto 


9 

18.00 

0.69 

— 

4( 

1.76 

34.22 

34.12 

11.01 

ditto 


10 

12.33 

0.60 

trace soda 

U 

9.10 

31.68 

34.16 

12.10 

ditto 


11 

43.84! noko. 

— 

(( 

4.44 

21.66 

22.50 

7.55 

ditto 


12 

0.74 

0.95 

— 

t( 

2.40 

41.72 

40.61 

13.56 

ditto 


13 

13.36 

0.54 

0.93 

(( 

7.04 

31.53 

34.99 

12.52 

ditto 


14 

0.11 

— 

— 

(t 

3.72 

36.90 

43.93 

14.62 

ditto 


15 

5.64 

0.88 

““ 

trace 

6.48 

36.77 

37.38! 12 83 

ditto 


16 

31.99 

— 


u 

9.39 

20.34 

25.59 

8.94 

ditto 


17 

33.52 

0.71 

— 

trace 

1.82 

27.60 

25.00 

9.80 

4 A 1,0,, 5 SiO, -4- 8 aq. 

18 

9.67 

1.39 

— 

«( 

2.43 

39.88 

34.51 

12.09 

3 AioO„ 4 SiOa 6 aq. 

19 

28.63 

1.13 

— - 

(( 

4.95 

29.03 

26.66 

9.55 

ditto 


20 

8.14 

3.21 

— 

(( 

1.16 

43.87 

32.24 

11.36 

2 A 1,0,, 3 SiOj 4" 4 aq. 

21 

19.65 

0.60 

trace soda 

t( 

1.27 

45.36 

24.06 

8.74 

ALOo, 2 SiO, 4- 2 aq. 

22 

27.60 

3.98 

— 

1.31 

0.67 

38.48 

20.92 

7.26 

ditto 


23 

50.40 

1.83 

— 

0.56 

1.00 

25.67 

15.17 

5.22 

ditto 


24 

22.81 

1.14 

0.72 

trace ! 

12.23 

2046 

35.01 

12.12 

3 AI,0„2S503H 

- 6 aq. 

25 

— 

— 

0.50 

“ 1 

14.37* 

28.75 

33.00 

23.00 

AljOj, SiOjH 

h 4 aq. 

26 

42.0Ci 

1.24 

— 

0.48j 

9.07 

18.15 

20.00 

9.03 

2 Al, 03 , 2 Si 03 H 

h aq. 

27 

24.64 

6.33 

— 

trace 

— 

37.07 

25.28 

6.64 

2 AI,0„3Si0,-J 

- 2 aq. 

28 

68.18 

3.08(ko.) 

— 

0.43 

— 

13.72 

9.80 

2.62 

2 AI,0„3SiO,J 

- 3 aq. 

29 

24.64 

4.32 

— i 

3.37 

5.09 

30.52 

22.33 

9.70 

2 AljO„ 3 SiO,- 

- 6 aq. 

30 

9.53 

1.80 

— 1 

trace 

? 

45.07 

38.15 

9.69 

2 ALO„3SiO,- 

f- 3 an. 

31 

— 

— 

0.68 1 

u 

7.32 

21.98 

47 83 

22.23 

4 Ala 03 , 2 Si 05 -f 11 aq. 


THB LOCALITIES OF THESE CLAT8 ARE: 


1. St Yrieux, near Limoges. 

2. Clos de Madame (D. AUicr). 

3. Chabrol (D. Puy de Dome). 

4. Plympton (Devonshire). 

5. Bourgmanero (Piedmont). 

6. Rama, near Passau. 

7. Auerbach, near Passau. 

8. Diendorf “ “ 

9. Aue, near Schneeberg. 

10. Seidlitz, near Meissen. 

1 1. Mori, near Halle. 

12. Munchshof, near Carlsbad. 

13. Bornholm Island (Sweden). 

14. Oporto, in Portugal. 

15. Sargadelos, in Alicia. 

16. Newcastle (Delaware). 


1 7. Kaschna, near Meissen. 

18. Pieux, near Cherbourg. 

19. Zetliiz, near Carlsbad. 

20. Chiesi (Ellw). 

21. Breage, Cornwall. 

22. Schletia, near Meissen. 

23 Prinzdorf^ in Hungary. 

24. Wilmington (Delaware). 

25. Louhossoa, near Bayonne. 

26. Mercus (Dep. Arriege). 

27. Trelto, near Schio. 

28. China. 

29. Meude (Dep Lozere). 

30. Sosa, near Johanngeorgenstadt, 

31. Risanski, in Russia. 


♦ In these analyses the quantity of silica which can be separated by potash is not 
stated by the analysts j it has, tlierefore, been calculated from the I'oimulae. 
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When the above formulae for the composition of the porcelain-earthi 
are arranged in the manner exhibited in the table below, so that the 
amount of alumina shall be the same in all, the general relations in 
which the different constituents stand towards each other will become 
more apparent. We thus obtain: 


No. 1 to 16 s 

24 

eqs. 

silica+ 24 eqs. alumina+ 48 eqs. 

water. 

No. 17. = 

30 


(4 

+ 24 

it a 

+ 48 

it 

C( 

No, 18+19. - 

32 

<( 

it 

+ 24 

it it 

+ 48 

ti 

it 

No. 20. = 

36 

it 

it 

+ 24 

it it 

+ 48 

it 

ti 

No. 21, 22, 23. = 

48 

a 

it 

+ 24 

it it 

+ 48 

ti 

it 

No. 24. = 

16 

a 

a 

+ 24 

it it 

+ 48 

it 

ti 

No. 25. = 

24 

a 

a 

+ 24 

it it 

+ 96 

ti 

it 

No. 26. = 

24 

n 

it 

+ 24 

a it 

+ 12 

it 

it 

No. 29. = 

36 

n 

a 

+ 24 

it it 

+ 60 

it 

tt 

No. 27. = 

36 

a 

it 

+ 24 

it it 

+ 24 

it 

it 

No. 28 to 30. = 

36 

a 

u 

+ 24 

a it 

+ 36 

it 

tt 

No. 31. = 

12 

<( 

it 

+ 24 

a it 

+ 66 

it 

it 


whence it will be seen, that 18 varieties really consist of Al^O^, SiO^, 
(i. e, of as many eqs. of silica as of alumina), as was indicated in the 
general formula for the porcelain-earths above, and that the remainder 
contain an excess of silica, which is either in some other form of com- 
bination, or, as is more probable, is an accidental ingredient, and due 
to the inefficient action of the caustic potash upon the porcelain earth. 
Supposing the former assumption to be the true one, the formation of 
the porcelain-earths can only vary with the silicate of potash, which 
is simultaneously produced from the felspar, and the composition of 
which must approach more or less near to that indicated by the 
formula Ka0,3Si03. If we deduct from: 

2 equivs. of felspar = 2Alj034-2K0-l-8Si03, the constituents of the 
porcelain-earths, No, 27 to 30 : 

= 2Alj03-l-3Si03{=24Al203+36Si03), there will 
remain a silicate of potash : 

== 2K0,5Si03(= ^, 2 iSi 03 )^ 

The number of the equivs, of silica is less than that of the equivs. 
of alumina in two instances only (Nos. 24 and 31); and when these 
are compared with felspar in the same manner as the preceding, it 
will then be found, that the silicates of potash which accompany them 
will be expressed, in the first by the formula 3KO,10SiO3, and in 
the second by 2K0,7Si03. 

Lastly, it is singular that in 24 instances the water should be in 
the same proportion to the alumina, as 2 equivs. to 1 equiv. ; in the 
others, the water is in excess, with the exception of one only (No. 
26), where it is less. 

The older analysts (Fucbs, Forchhammer, Berthier), who did not 
endeavor, like Brogniart and Malaguti, to separate the soluble silica 
by caustic potash, were led to the following formula for the greater 
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BitiBber <>f the pimeleiiHeartbs; 3Al,0,,4SiO„6aq., which indedes 
«B equivalent of silica more than those noticed above, lie same 
experimenters have also instituted comparative analyses between 
the earths and the felspathic rocks, in cases where the former were 
indubitably derived from the latter, by which means the general theo- 
retical view deduced from the above has been verified for a particular 
case. They found, for instance, in 100 parts of the felspar from 
Halle: 

Silica. Alumina. Potash. Magnesia. Lime. 

= 62.76 + 19.20 + 14.90 + 0.18 + 0.46; 
if from this we deduct: 

KaO,3Sio3s= 43.95 + 14.90, there will remain 

= 18.81 + 19.20 6718 + 0^46 

for the porcelain-earth which yielded, on analysis: 

+ 18.48 + 19.20 + small quantities of lime and 

magnesia. 

When in like manner from 100 parts of the felspar of Sargadelos, 

Silica. Alumina. Potash. Magnesia. Lime. 

= 62.00 4- 19.48 + 15.72 + 0.12 + 0.35 ; 


w’e deduct the corresponding porcelain-earths: 

= 19.16 + 19.48 + 0.45 

there remains 42.84 + 15.72 

the amounts of oxygen in which are 

= 22.13, and 2.58, and which is therefore 

22 13 

a silicate with ^ = 2.86 eqs. of silica to 1 eq. of potash, or 

3 "4" 2.58 

K 0 , 3 Si 03 , as is required by the foregoing theoretical considerations. 
As additional proof of the production of porcelain-earth from felspar, 
the fact observed by Berthier may be adduced, who found the remains 
of a rock in the porcelain-earth from Limoges to consist of 4 eqs. 
silica, 1 eq. alumina, and 1 eq. of potash, such being the precise 
composition of potash-felspar. 

The pure aluminous constituent does not dissolve in^ilute muriatic 
or nitric acid ; on boiling the clay for a length of time, however, with 
caustic potash, a double silicate of alumina and potash is formed, 
which dissolves with facility in proportion to the quantity of potash 
that has been employed. The same phenomena occur w’hen the two 
substances are caused to act upon each other by fusion; the fused 
mass then yields to water both alumina and silica in proportion to the 
quantity of potash employed. This solubility, or rather property of 
bein^ decomposed by potash and acid, still obtains when the silicate of 
alumina has been so far heated as to part with its >vater, but is totally 
destroyed by a red heat. 

The most prominent physical properties of clay are, its plasticity 
and behavior when exposed to heat. By simple drying, therefore, 
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at a temperature far below a red heat, its particles collapse, the pri- 
mary pores become contracted, and a very much more dense mass is 
obtained, which becomes so hard that it will no longer take impres- 
sions, although it is still sufficiently soft to be easily cut with a knife, 
and when treated with water, is again converted into clay with the 
ordinary properties. Exposed to the most intense heat that can be 
artificially produced, clay refuses to become liquid, and acquires at 
most a slight degree of flexibility. Its particles then cohere so strongly 
together, that the burnt mass is hard and sonorous, but still porous 
enough to absorb water with avidity, although it no longer falls to 
pieces, but retains its connected form. While an increase of tempera- 
ture brings the pores continually more close together, and the burnt 
clay increases (for the same volume) in density (and in hardness), yet 
it is very remarkable that this is not the case with the mass itself 
(apart from the pores). Laurent has proved this by weighing porce- 
lain-clay pulverized after it had been dried or burnt. With porcelain- 
clay which had been exposed to a 


Temperature of 

' i 

lOOO c. i 1.500 c. 

3000 C. 

Cherry Lively 
red 1 red 
heal, i heal, 

1 

■\Vhile heal, 




low. 1 intense. 

The cubic inch weighed (in 
powder in grammes - 

i ! 

58.08 ; 39.52 ' 

40.G1 

i 

i 

42.17 ‘ 41.24 

39 . 05 '; 38.74 

1 


whence it is obvious how the density of the mass itself attains its 
maximum at an incipient red heat, and is reduced at a white heat to 
the same state which it had acquired at 100'^ C. In the commence- 
ment the clay loses water, and, indeed, after having been dried at 
uauch as 8^ per cent. This weight then remains unal- 
terable, but other changes occur at a red heat: the particles of clay 
^re augmented in volume, and possess consequently a lesser density. 
At the same time, however, they approach more closely together, the 
interstitial spaces are diminished, and an increase of density of the 
whole burnt clay as a mass is the consequence, which is practically 
observed by a diminution of surface, and is called the shrinking of 

iXi6 ClSy* 

It will easilf be conceived that the nature of the clay must be very 
much modified in these important particulars by an admixture of 
foreign matters possessing other properties. These foreign matters 
may either be constituted of undecomposed detritus of the rocks from 
which the clay itself derives its origin, or of others which do not belong 
to the class of substances which yield clay by decomposition. We 
find an instance of this in the remains of felspar and free silicic acid 
m the porcelain-clays; a similar relation has been pointed out by 
If orchhammer in a yellow clay exteii-sively diffused in Denmark, which 
clearly exhibits the granitic source of the clay: 

The granite contained: felspar, quartz, mica, magnetic iron and oxide of titanium, 
^ With com|wurid8 of cerium. 

^ ^ mica, oxide of iron and titanium, and compounds 

of o«»riiinn * 



PROPERTIES OF CLAY. 


203 


In this case the clay was derived frorf the felspar ; the quartz 
remained as sand, the mica was unaltered, (but in the form of a fine 
powder, that cannot be separated by suspension in water,)* and the 
magnetic iron had been converted into oxide of iron, which was 
mixed with compounds of titanium and cerium in the clay. The 
same relations are generally met with in clay w’bich has not been 
removed from the place of its production. On the other hand, the 
clay may have been carried away by floods and rains from its original 
site, which naturally remove with the clay all such matters as happen 
to lie in their course and are capable of suspension in water. When 
these waters attain a degree of rest in the valleys and low situations, 
all the finely-divided matters which have been held in suspension, 
are deposited with the clay. 

The character of these foreign admixtures causes great variation in 
the nature of the different clays, (particularly for practical purposes,) 
and gives rise to the various denominations by which they are known. 
The ingredients which most affect the character of the clay are: Sand 
(quartz, in grain or powder; particles of undecomposed minerals). 
Iron, Lime, and Magnesia, The plasticity of clay diminishes with the 
amount of anyone of these substances which it contains, as they are 
not plastic. This property is affected in the most marked manner by 
sand, somewhat less by lime, and very little by oxide of iron. Clay 
containing the former is said to be poor, in contradistinction to fat 
clay. It is not uncommon to meet with clay that has not only been 
contaminated, but has really been freed from the coarser particles of 
sand by a natural processof suspension and subsidence caused by floods, 
and when this has been the case, the clay possesses a much greater 
degree of plasticity without losing it§ persistence in the fire, or its color. 
When clay contains iron or lime, the action of heat upon it is verj' differ- 
ent ; the silica, alumina, lime and iron then form together a mixture 
similar to that employed in the manufacture of bottle-glass,, which melts 
in the fire with more or less ease, according as it contains much or little 
of the two latter ingredients. Magnesia exerts less influence upon the 
character of the clay ; the more quartz and silica enter into the composi- 
tion of the clay, the less easy will it be of fusion, and an excess of iron 
or lime can be corrected by a large quantity of this ingredient. The 
fixed or fire-proof clays are thus distinguished from the fusible clays; 
but the appellation of fire-proof must only be used in a qualified 
sense, depending upon the degree of heat that is employed. In 
burning fusible clay, care must consequently be taken not to exceed 
the proper degree of heat, that the clay may not be melted. These 
varieties can never be burnt at such high temperatures as the fire- 
proof clays. Clays containing iron are either yellow^ or red after 
burning, according as they contain little or much of the metallic 
oxide. The color of the fresh clay generally betrays the presence of 
iron (when in the state of oxide). Many kinds of clay (particularly 
such as have been deposited by water), are permeated by an organic 

• The enme observation as respects the mica has been made with the Devonshire 
clays in England. 
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substance (possibly originating with infusoria) which gives them a 
blue, bluish-gray or black color. These coloring matters are of no 
practical importance, as, exposed to the influence of fire, the clay 
becomes white. The same applies to clay which comes to the sur- 
face, and is penetrated by the roots, &c., of vegetables. Large 
pieces of root or wood are objectionable, as they leave a space after 
the clay has been subjected to heat, and often cause it to crack by 
evolving gases and vapors in the furnace. 

Brogniart has very appropriately classified the varieties of clay, 
with a technical object in view, into : fire-proof ^ fusible^ calcareous 
and ferruginous. The calcareous are those w^hich effervesce consi- 
derably with acids, from containing a large proportion of earthy car- 
bonates, particularly lime ; the ochry or ferruginous clays are such 
as contain a large quantity of peroxide of iron, and possess a red- 
brown color. These terms are taken from the preponderating property 
of the clays, and do not exclude entirely any of the others. To the 
fire-proof clays belong: 

1. KaoliUy or Porcelain-earth . — This is an earthy, pure W'hite, 
grayish or milk-white substance, easily pulverized, and intermixed 
with particles of quartz and felspar. It occurs on granitic soils, rich 
in felspar, but containing little mica ; on porphyry, and the more recent 
formations containing felspar. It is the most important material 
for the production of porcelain. The chief localities of this substance 
are Seidlitz, near Meissen ; Mori, near Halle ; Obernzell and DiendorflT, 
nearPassau; St. Yrieux, near Limoges (Dep. Nievre); St. Austle, 
in Cornwall ; China and Japan. Kaolin burns perfectly white. As 
the associated particles of felspar (the residue) in the kaolin, which 
also enter into the composition of the porcelain, w^ere omitted in the 
analyses (of the aluminous portion) stated above, some analyses of the 
entire material are given below ; 


Kaolin from 

According lo 

100 parts contain 

St. Yrieux. 
Berthier. 

Aue,* 

Kiihri. 

Passau, 

Fuchs. 

Halle, 

Bley. 

St. 

Tropez. 

Silica ------ 

47.09 

47.64 

43.65 

39.62 

55.8 

Alumina 

36.41 

35.97 

35.93 

45.00 

26.0 

Potash 

l.f)6 

— 

— 


8.2 

Magnesia 

2.94 

— 

— 

3 32 

0.5 

Lime 

— 

1.57 

0.88 

0.07 



Oxide of iron - . - - 

— 

— 

1.00 

— 

1.8 

Oxide of manganese - - - 

— 

— 


0.19 


Water 

12.00 

13.18 

18.50 

10.00 

7.2 


Besides the real porcelain-earth, a kind of granite containing semi- 
decomposed felspar, is employed and brought into commerce in Eng- 
land, where it occurs at Tregoning Hill, near Hellstone. 

The finest clay (termed china-clay) used in Britain is obtained from 
Cornwall, where it is prepared artificially by running a stream of 
water over decomposed granite, which carries with it the finer parti- 
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cles of felspar, and is then received into catchpools or ponds, and 
there the latter is allowed to subside. The water is then run off, 
leaving a fine sediment, which is removed and exposed to the atmo- 
sphere for four or five months, when it is ready for exportation. This 
clay, previously dried at 212°, was found to consist of 


I. ii. 


Silica 

46.32 

46.29 

35.65 

Alumina 

39.74 

40.09 

32.50 

Protoxide of iron 

.27 

.27 

1.65 

Lime 

.36 

.50 

1 traces 

Magnesia . 

.44 


Water and some alkali 

12.67 

12.67 

30.05 


99.80 

99.82 

99.85 

Richardson. 


Another substance, very nearly allied to kaolin, and which occurs 
in large quantities at Houscha, near Bayonne, and is often offered to 
the manufacturers of porcelain, has been showm by Berthier to be 
halloisite, mixed with a product of the decomposition of pegmatite. 
It forms a connected, tolerably soft, and easily pulverized mass, is of 
a dull white color and opaque, affording no dough with water, and is 
consequently not plastic. Berthier found in it: 

Silica . . 43.6 . . 3 equivs. ) 

Alumina . 32.4 . . 2 “ > =: 2 AL 03 , 3 Si 0 ,-f 8 aq. 

Water . 23.0 . . 8 “ S 

99.0 

2. Pipe-clay (plastic clay) is of different colors, very tough, ex- 
ceedingly plastic, and becomes white, or sometimes yellow^ in the 
fire, from a small quantity of iron. It is used in the manufacture of 
stone-ware, clay pipes, earthenw^are, &c., and occurs in very consi- 
derable quantities, but not upon the original site of its production, 
'fhe most generally known localities where it occurs are on the Lower 
Rhine (Cologne, Coblentz), near Halle ; in Devonshire and Stourbridge, 
in England; and at Dreux and Forges-les-Eaux, in France. The 
following analyses show’ that these clays contain but little iron and 
foreign earths. 

^ • This specimen, analyzed by Richardson, was in the unprepared state. 
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Grossah 

merode. 

Strass- 

burg. 

Stour- 

bridge. 

Forgea- 

les'l^uj. 

- 

Devon- 

shire. 

Cnteau de 
Prairie 
(North 
America) 

Forch- 

hammer. 

Berthier. 

Berthier. 

Berthier. 

Berthier. 

Catlin. 

Silica - - - 

. 

15.906 

66.7 

63-7 

52.0 

49.6 

48.2 

Alumina 

. 

11.170 

18.2 

20.7 

27.0 

57.4 

28.2 

Lime - ) 



— 

— 

— 

— 

2.6 

Magnesia J * 


u.OU'i 

0.6 

— 

— 

— 

6.0 

Potash • 

- 

0.786 

— 

— 

— 

— 

— 

Water - - - 

. 

4.119 

12.0 

10.0 

19.0 

11.2 

— 

Oxide of iron 

- 

— 

1.6 

4.5 

2.0 

— 1 

5.0 

Oxide of manganese 

- 

— 

— 

— 

— 

— ' 

0.6 

Residue 

- 

64.030 

— 

— 

— 

— 1 

— 


Pipe-clay occurs in England as a second layer below the sandy 
clay, which is used in making tobacco-pipes. This clay is not em- 
ployed in manufacturing earthenware, owing to its possessing the pro- 
perty of contracting more than sandy clay. It is composed of: 


Silica 

- 


53.66 

Alumina - 

- 


32.00 

Protoxide of iron - 

• 


1.35 

Lime 

- 


.40 

Magnesia - 

- 


trace. 

Water 



12.08 

99.49 


No clue, however, is given by these analyses to the nature of the 
aluminous compound, as it is not stated what proportion of the silica 
is in combination with the alumina, and what proportion is free, and 
the amount of residue not capable of decomposition by the aid of 
sulphuric acid is only stated in one instance. Hence the great dif- 
ferences in the relative proportion of the alumina to the silica, w'hich, 
observing the same order, is as follows : 3 : 1, 4 : 1, 3 : 1, 2 : 1, 1 : 1, 
and 2 : 1 equivs. Pipe-clay also burns white in the fire. 

To the fusible clays belong : 

1. Ordinary which is used for the production of the 

common clay-ware. It is more easily disseminated through water 
than pipe-clay, and is quite as plastic as the latter, but is distinguish- 
ed by containing a very sensible quantity of iron and some lime. It 
effervesces consequently with acids although only slightly, and not 
for any time. The color of the fresh clay is generally red or browfi- 
red, often from the intermixture of various layers it is parti-colored 
(for instance white and red) : this clay is, on the whole, less homogene- 
ous than pipe-clay, encloses a considerable amount of organic remains, 
fragments of stone and iron pyrites, and varies exceedingly in dif- 
ferent localities, being sometimes fat, at others poor. Potter’s-clay is 
always red or yellow after burning, in consequence of the presence 
of oxide of iron; it fuses more or less easily, according to the quanti- 
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ties of this ingredient and of lime which it contains, into a dark vitreous 
slag. There has been found, for instance: 


By 

In potters’ clay from 

Silica. 

Alumina. | 

Iron. 

Lime. 

Aubert 

Provins (D. Seine et Marne) 

57 

37 

4 

1 1.7 

Berthier • 

Liverrion (Dep. Lot) 

60 

30 

7.6 ! 

! 2.4 

Laurent 

Helsingborg - - - - 

61 ; 

24 

7.5 

1 0.5 


The relation of the silica to the alumina in equivs. is, therefore, as 
5 : 3, 2 : 1, and 5 : 2. 

The more common clays are found in England in layers or strata, 
lying over each other, each layer possessing some distinctive property, 
which renders it fitted for a peculiar purpose. 

Sandy clay (stiff or ball) is the upper layer of clay, and is used in 
England by itself for making salt-glazed ware, for which it is well 
adapted, in consequence of the considerable quantity of silica or sand 
which it contains. The analysis of this clay yielded: 


Silica 


. 

66.68 

Alumina - 


. 

26.08 

Protoxide of iron - 



1.26 

Lime 



.84 

Magnesia - 


- 

trace. 

Water 



5.14 

100.00 


It was previously dried at 212^, and possessed a specific gravity of 
2.558. 

Blue clay is of a grayish color, and is considered the best layer of 
clay in the whole series, owing to its burning perfectly white, and 
approaching the china-clay in character. As analyzed by Mr. John 
Higgenbotham, it was found to consist of: 


Silica 

. 

. 

46.38 

Alumina - 

- 

. 

38.04 

Protoxide of iron - 

. 

. 

1.04 

Lime 

- 

. 

1.20 

Magnesia - 

- 

- 

- trace. 

Water 



13.57 

100.23 


This specimen was also previously dried at 212®. Several other 
varieties of clay are obtained from these fields which are of less value, 
and need not be enumerated here, as they are similar in appearance 
to those already noticed. 

Red or brown clay, which is very abundant in the neighborhood 
of Glasgow, is a surface clay, and contains a large quantity of peroxide 
of iron, which gives it a deep brown color. It is of this clay that 
common black ware, flower- pots, and red bricks are made : these ves- 
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sels cannot be exposed to a very high temperature, which would fuse 
them. The analysis of this clay yielded : 


Silica - 

. 

. 

- 49.44 

Alumina 

. 

. 

- 34.26 

Protoxide of iron 

. 

- 7.74 

Lime 

. 

. 

- 1.48 

Water 

. 

- 

- 1.94 

Magnesia 



- 5.14 

100.00 


By mixing sandy clay and red clay together, an artificial yellow 
clay is obtained, which is often employed. 

Yellow clay, as analyzed by Mr. John Brown, was found to con- 
tain : 


Silica - 

. 

. 58.07 

Alumina 

. 

- 27.38 

Protoxide of iron 

. 

- 3.30 

Lime - 

. 

.50 

Water 

. 

- 10.30 

Magnesia 


trace 

99.55 


A variety, technically called ^re-clay, is also very abundant in 
England, and occurs both on the surface and several fathoms under 
ground. It is termed marl, and is used principally in the potteries 
for making seggars, or vessels for protecting the ware from the flames 
during burning; and owing to its coarse particles, which cause the 
body to be very porous, is well adapted for high temperatures ; cruci- 
bles, or large pots for glass works, in which the glass is fused, are 
also made from fire-clay, as well as bricks known under the name of 
fire-bricks. This clay has been analyzed by Mr. John Brown, who 


obtained : 

Silica - - - - 66.16 

Alumina - - - 22.54 

Protoxide of iron - - 5.31* 

Lime - - - 1.42 

Magnesia ... trace 

Water ... 3.14 


98.57 

2. Under the name of Fuller'^ s^earth^ a species of fusible clay is 
known, which, as the name indicates, is used for fulling cloth. It is 
distinguished from potter’s-cll^ by its slight degree of plasticity, and 

• The amount of iron is large in this clay, and would tend to make it easily fusible. 
Compare page 35. 
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this is probably due to the magnesia* which it contains, but it is 
quite as easily formed into an equally soft paste with water. Its 
color.passes from yellow into bluish-green. This clay is said to be 
a product of the decomposition of diorite and dioritic slate. f 

Fuller’s earth has a specific gravity of 1.82 to 2.19; it melts at a 
high temperature into a brown slag. Its constituents are : 


Silica 

- 53.0 

46.30 

Alumina - 

- 10.0 

25.10 

Peroxide of iron - 

- 9.75 

9.40 

Magnesia 

- 1.25 

1.15 

Lime 

- 0.5 

— 

Water 

- 24.0 

18.50 

And a trace of potash 

98.50 

100.45 Richardson. 


The cleansing action of this clay upon woollen stuffs, depends upon 
the pow'er of its alumina for absorbing greasy matters. It should be 
neither tenacious nor sandy ; for in the first case it would not be 
easily diffused through water, and in the second it would abrade the 
cloth too much. Fuller’s-earth is found in several counties of Eng- 
land; but in greatest abundance in Bedfordshire, Hampshire and 
Surrey, (near Nutfield, Ryegate, &c.) 

The most remarkable among the calcareous clays, are: 

1. The marls , — This denomination applies to all those deposits 
which contain at once clay and carbonate of lime, the latter being in 
considerable quantity. These are mechanical mixtures, and comprise 
all the intermediate formations between the limestones and the clays; 
they are consequently of almost every shade of character which is 
possible to be produced by variable quantities of the two character- 
istic ingredients. Those in which the lime preponderates, are called 
calcareous marls^ the others in which alumina is most abundant, 
aluminous marls. The marls in general are of special importance as 
affording the most fruitful soil for agriculture. The aluminous marls 
in particular, are used for the manufacture of several kinds of pottery, 
for instance, earthenware (fayence) ; they effervesce violently with 
acids, and occur chiefly in very extensive stratified layers, consisting 
of a massive but soft and pulverulent substance, which presents an 
uneven, conchoidal fracture, and a gray color passing into brown. 
The mass falls easily in water, and possesses but little plasticity. 
Aluminous marl is not uniform throughout, but frequently encloses 
hard, calcareous or silicious nodules ; it easily falls to pieces in the 
air, forming earthy marl; it is reckoned amongst the most extensively 
diffused varieties of clay. The following analyses exhibit clearly the 
relation of its constituents: 


* The analysis below hardly warrants Uie assumption that magnesia can interfere 
with the plasticity of the clay. 

t A rock consisting of albite and liornblende. 
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Locality. 

Silica. 

Alumina. 

Ox. of 
iron. 

Carbonate 
of lime. 

Carbonate 

of 

magnesia. 

Alkali. • 

Analyst. 

Abydos - . . 

52.00 

Ifi.l? 

().15 

13.97 

trace 

trace 

Salvetat. 

Bonnefonds - - - 

40.00 

13.21 

2.04 

34.12 

0.15 

(1 

u 

Belleville ... 

4G.03 

17.28 

5.70 

27.64 

— 

— 

Buisson. 

Chambray ... 

49.50 

29.00 

3.00 

18.00 

0.50 

trace 

Laurent. 

Savone - - - 

37.00 

1 l.OO 

6.50 

55.00 

— 

— 

Buisson. 

Viroflay . - - 

39.00 

18.00 

1.00 

40.00 

— 

trace 

Lecoq. 

Villotn 

30.00 

20.00 

2.00 

46.00 

— 

u 

u 


A small portion of the lime in the marl is generally in combination 
with silica. 

2. Loam. — This is the most common and least pure variety of clay, 
belonging to the more recent alluvial formations; it is less uniform 
than any of the foregoing varieties; it encloses sand, gravel, stones, 
wood, roots and all kinds of vegetable remains. Its color is yellow 
(spotted and veiny) from hydrated oxide of iron; it also contains 
lime, although in less quantity than the marl, and is soft and easily 
reduced to powder. Loam absorbs water with avidity, and forms 
with it a soft paste, which, however, is much less plastic and fat than 
that from pipe- or potter’s-clay. It occurs almost everywhere, and is 
the universal material for brick-making. 

Amongst the ferruginous clays are: 

Reddky bole, and ochre. The two former owe their red color to 
oxide of iron, the latter derives its yellow color from the hydrate of 
the same oxide. These varieties are used as pigments, but not for 
the same purposes as the other clays. The amount of iron which 
they contain is sometimes so considerable as to warrant their being 
classed with the ores of that metal. 

Varieties and classification of clay-wares. — The production of 
earthenware from the different kinds of clay, consists in producing 
the proper form with the aid of the plasticity of the clay, and then 
modifying the formed vessels, &c., in such a manner by heat, that 
they become no longer kneadable or flexible, but of a stony consist- 
ence, and permanently retain their form. The quality of this earthen- 
ware must vary obviously very considerably, according to the nature 
of the clay, to the processes of purification, &c., to which it has been 
submitted, to the degree of heat of the furnace, and lastly, according 
as it has been worked up with other materials or not. The differences 
which thus arise are partly recognized by the color, the texture, 
fracture, hardness and solidity, and partly by the sound produced on 
tapping, partly by the transparency and chemical constitution. Thus 
many clay-wares have the appearance of being composed of hetero- 
geneous clays imperfectly mixed with each other, and which often 
contain foreign constituents, as stones, &c. [bricks, tiles). Many other 
kinds, which are, however, of a more homogeneous character, resemble 
these in the porous nature of the mass, which is wanting in solidity, is 
easily scratched, soft, of an earthy fracture, perfectly opaque, and 
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very little sonorous : all ordinary pottery belongs to this class (both 
ancient and modern) and earthenware. « 

In contradistinction to these, there are other wares, in which the 
mass has lost its porosity and the properties connected with it, by the 
intensity of the heat in the kiln, which combine a dense structure 
with considerable hardness, produce a clear sound when struck, and 
are somewhat translucent, with a fracture indicating an incipient 
fusion, such as stone-ware. Porcelain exhibits the same properties, 
but from other reasons; a fusible substance or jliur being in this case 
mixed with the clay. To counteract the porosity of the burnt clay- 
w^ares, or to correct the roughness of surface in the non-porous ves- 
sels, they are frequently covered with a vitreous coating or glaze^ 
which is at different times an enamel, (comp. p. 133), or is transpa- 
rent ; at other times contains lead, is easily fusible and soft; or, again, 
contains no lead, is earthy, refractory and hard. This glaze is laid on 
in thinner or thicker coats according to circumstances. Hence, and 
in the total absence of glaze (antique vessels, chimney-pots, flower- 
pots, crucibles, bricks, architectural ornaments), new sources of dif- 
ference arise, and to these we are indebted for the views upon w'hich 
the following classification of the clay-w^ares is based. 

A. Mass uniformly fluxed, dense, cannot be scratched wdth the 

knife, finely granular, translucent^ very sonorous, white, and 
uniform. 

1.) Porcelain: 

a.) Tender porcelain {ironstone china). Mass easily fusible, 
a.) English. Flux, bone-ashes; glaze containing lead and 
borax. 

/ 3 .) French, A vitreous mass, containing no clay, with a lead 
glaze of harder consistence. 

h.) Peal porcelain. Mass difficult of fusion; Flux, a refractory 
glass composed of silicate of alumina and potash; glaze 
of a similar nature, often containg lime. 

B. Mass dense, cannot be scratched wdth the knife, sonorous, finely 

granular, uniform, exhibiting incipient fusion, scarcely trans- 
lucent, or only on the edges, wffiite or colored. 

2e) Stoneware: 

a. ) Common stoneware. Mass of a reddish-gray, or bluish 

colour; generally without glaze, or a salt glaze only. 

b. ) Firestone ware. Mass generally white, when it contains 

a flux and has a lead glaze; artificially colored also, without 
glaze; sometimes lacquered. 

C. Mass earthy, porous, pretty hard, opaque, texture open; little 

sonorous. 

3.) Earthenware {Fayence): 

a.) Fine earthenware. Mass white, hard and sonorous; glaze of 
crystal, soft, containing lead. 
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4.) Common earthmwun. Mass finely granular, nntfonn, more 
♦ or less colored (yellow); gla*6> a soft, white or colored 

enamel. 

D. Mass earthy, porous, opaque, very soft, homogeneous texture very 

open, very porous, always colored. 

4. ) Ordinary pottery ; partly glazed and partly not glazed; the glaze 

may contain lead, or not, but is always easy of fusion, and trans- 
parent. 

E. Mass (more or less) not uniform, always colored, very soft, porous 

and open, little sonorous, opaque. 

5. ) Bricksy tileSy omamentSy sometimes glazed ; Mass fusible at a 

high temperature. 

6. ) Fire-proof stones y crucibles; Mass difficultly fusible or infusible, 

not glazed. 


1 . OF PORCELAIN. 

Historical . — The ware to which the name of porcelain* has been 
given, was known at a very early period to the Chinese, many cen- 
turies before the time of Christ, and was first introduced into Europe 
from China by the Portuguese. A revival of the porcelain manufac- 
ture, which had declined in consequence of the war of invasion, is 
spoken of as occurring in China 485 years before the Christian era. 
The produce of China was first imitated in France in a very imperfect 
manner, about the year 1695, and this ware was known as tender 
porcelain, or ironstone China. The manufacture of real porcelain 
was first discovered in Europe by a German of the name of Botlicher, 
in the year 1703. 

Apprenticed to a chemist and druggist in Berlin, who was devoted 
to the fabrication of gold, Bdtticher came into connection with adepts, 
and at length into possession of a gold tincture, the effects of which 
brought him such reputation, that Frederick I. of Prussia endeavored 
to lay hands upon him as a source of the precious metal. He fled to 
Saxony, where Augustus II. of Poland secured him with the same 
object in view, and sought to express from him the secret of making 
gold by imprisonment in the Castle of Konigstein; during this time, 
constant correspondence w^as kept up between the two governments 
with reference to his release. As less stringent measures proved 
unavailing, and the patience of Augustus threatened to break out into 
anger that might prove dangerous to the prisoner, Bdtticher found 
it necessary to confess his ignorance of the art of gold-making, and en- 
deavored to sooth his oppressor by the communication of an invention 
relative to the manufacture of a kind of porcelain-ware. This com- 
munication did not fall altogether upon barren soil, although it did not 

• The term poroellana was f)robabl3r applied at first to the porcelain-shell only, 
and given by the Portuguese to this ware from its similarity in appeanmce to that natural 
production. 
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lessen the rigor of his confinement. Bcitticher had indeed secretly 
succeeded, with the assistance of Tschirnhous, who possessed some 
knowledge of mineralogy, in producing a kind of red stone-ware, very 
nearly allied to porcelain. After very numerous and laborious exer- 
tions, carried on during his imprisonment at Sonneiistein, Botticher 
at length, in the year 1709, saw his endeavors crowned with success 
by the production of true white porcelain. The chief difficulty lay 
in the discovery of a proper material for its manufacture; this was, 
however, found in the Kaolin from Aue, near Schneeberg, which was 
then used as powder in commerce. Botticher died in the year 1719, 
at the manufactory of Meissen, which he had founded. . 

The art spread slowdy from Saxony; in 1751 it was introduced at 
Berlin, 1755 at Nymphenbnrg, near Munich, 1720 at Vienna, and 
replaced the manufacture of tender porcelain at Sevres, near Paris, in 
the year 1765, after the kaolin had been discovered at St. Yrieux. 
The first manufactory at St. Petersburg was established in the year 
1758, and at Copenhagen in the year 1780. 


a.) TENDER PORCELAIN. 

French, — The mass of which this species of ware is composed 
(which has been superseded in France by Botticher’s invention) was 
formerly a mixture of very different substances, which consisted 
mainly of silica, with alkaline and earthy salts. 

At Sevres, for instance, the following recipe was observed : 


Melted saltpetre 

- 

110 

Sea-salt, gray 

- 

36 

Alum (generally burnt) 

- 

18 

Alicant soda 

- 

18 

Gypsum from Montmartre 

- 

18 

Sand from Fontainebleau 


300 

500 


The first glance at this composition shows at once that the substance 
resulting from a mixture of such a nature must be altogether excluded 
from the clay-wares, in consequence of there being no clay in its 
composition ; it is indeed nothing more or less than a glass mixture, 
and would yield, if submitted to complete fusion, an earthy alkaline 
glass. The heat, how’ever, is not sufficiently raised to admit of com- 
plete vitrification, and the mass is only fritted, this being chiefly 
effected in the calcining-furnace. The frit, in order to be worked 
up into paste for forming the vessel, was crushed, lixiviated (in order 
to remove the solbble salts that had not been decomposed by the silica) 
and ground with water to the finest powder under mill-stones. At 
the same time chalk and calcareous marl were ground and brought 
into the finest state of division by suspension in water, and these, 
added to the powdered frit, then composed the actual mass for forming 
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into vessels. The character was more or less vitreous, according to 
the quantity of chalk and marl employed. At Sevres, for every 

75 parts of frit, 

17 “ “ chalk and 

8 ‘‘ ‘‘ calcareous marl were used. 

These vessels, indeed, contain hardly any clay, and consist chiefly 
of a difficultly fusible vitreous mass of lime and alumina, which re- 
sembles porcelain on account of the imperfect manner in which it has 
been fused. The mode in which the paste was made into vessels is 
similar to that followed with other kinds of earthenware. The absence 
of clay, however, deprives the substance of plasticity, and renders the 
forming very difficult and expensive, or indeed almost impossible, 
and there exists no means of binding the particles together. This 
defect was compensated as much as possible in practice by the admix- 
ture of soap and glue, about |, or gum tragacanth was used ; the mass 
could then be formed in moulds of gypsum, if not upon the potter’s 
lathe.* Another difficulty arose in the firing, from the vitreous nature 
of the mixture; all the prominent parts of the vessels, if not these 
themselves, were fused, or became so softened in the heat as to lose 
their shape. This could only be remedied by supporting them in 
all possible manners at a great expense of time and trouble. After 
the first firing, which lasted from 75 to 100 hours, the glaze was ap- 
plied to the vessels, and this was composed of sand and quartz, lith- 
arge, soda, and potash — in fact, was a kind of crystal. A higher 
degree of transparency, as w^ell as the softer nature of the lead-glaze, 
distinguish soft from real porcelain. This imitation of real porcelain, 
by a costly process and the use of a glass-flux, is now no longer prac- 
ticed, and is only possessed of historical interest. 

English . — England is the only country where tender porcelain is 
still manufactured, in consequence of local reasons being unfavorable 
to the production of true porcelain. f 

English porcelain is, however, fundamentally different from the pre- 
ceding, and is to be viewed rather as a variety of ordinary porcelain. 
This will be evident from a glance at the constituents which enter 
into its composition. The crude materials, viz : are 

1. A plastic clay; 

2. Porcelain-earth, or china-clay, (kaolin,) which is brought in a 
washed state from Cornwall, and is of a somewhat calcareous 
nature. 

3. So called granite^ or Cornish stoncy a material very much used 
in the English potteries, and which the manufacturers bring 
from Cornwall. In that part of the country, the granite hills are 
intersected by extensive deposits of this stone, in which mica is 
almost entirely absent, and which consists chiefly of quartz and 

* This instrument will be described in detail below, when we shall treat of poroe* 
lain. ^ 

t The chief reason appears to be the want of a cheap material for constructing dura- 
ble seggars, the loss of which often amounts in Staffordshire to 15 per cent or more, at 
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felspar. This kind of rock, {pegmatite^) after exposure to the 
decomposing action of the weather, is the chief source, but more 
especially in Cornwall, of the porcelain-earth.* In Cornish stom^ 
which is brought with the porcelain-earth into commerce, the 
decomposition of the felspar has only proceeded so far as to 
render the stone easily pulverizable, and yet leave it some degree 
of consistence ; it consists of^aolin, undecomposed felspar, and 
quartz. 

4. Burnt bones . — The bones, which are partly obtained from native 
cattle, and are partly imported from America, may be previously 
used for the extraction of gelatin or glue; or, being submitted to 
dry distillation, wdll yield ammoniacal salts, or, lastly, may be 
used in the form of animal charcoal ; but they must be thoroughly 
calcined before they are applicable to the present purpose, that 
is, they must have been heated to redness with the free access 
of air, so as completely to destroy all their organic constituents, 
and leave only the mineral ash (phosphate of lime, carbonate of 
lime and a little magnesia) in the form of a perfectly white sub- 
stance. 

5. Chalk flints. 

6. Steatite^ or soap-stone^ is also sometimes used, and is said to 
diminish the contraction of the wares in the furnace. 

The soap-stone from Cornwall contains: magnesia 44, silica 44, 
alumina 2, iron 7.3, oxide of manganese 1.5, oxide of chromium 1.2, 
W’ith traces of lime and chlorine. 

All these ingredients are ground, suspended in \vater, and united 
into the form of paste, in the same manner as will be described below 
in treating of real porcelain and earthenware. A frit is either then 
first prepared, of which the mass is made up with other substances, 
as in the following instance ; 


FRIT. MASS. 


Cornish stone 

- 40 

Kaolin 

. 33 

Flint - - - 

- 28 

Plastic clay (blue) - 

- 45 

Crystalized soda 

- 20 

Cornish stone 

• n 

Borax - - . 

- 7 

Flint ... 

- 3 

Oxide of tin 

5 

Burnt bones - 

- 52 


100 

Frit 

- 7 


or the mass is not fritted in part, ^t mixed all at once, as is the case 
with table- w’are, in the following proportions: 


or 

Kaolin 18] - - 11 

Plastic clay - - - - 50|--19 

Flint - * . . . - - _ }► 100 - 21 

Calcined bones - - - - 29 - - 49 

Broken table-ware of the same character - 3 J 

Mould refuse of unfired mass - - 100. 


Compare page 204. 
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In aU ca$eS) tlie goods, which are easily formed in consequence of 
the large proportion of clay in the mass and its high degree of plasti- 
city, are twice fired. The first firing lasts longest, say from 48 to 50 
hours, the heat being gradually increased during the whole time. 
When the trial-pieces show that the heat has been sufficiently raised, 
the firing is discontinued, the fire and ash-pit doors are closed, and 
the whole is left to cool during 24^to 30 hours; the glaze is then ap- 
plied to the vessels, and they are fired a second time, but neither for 
so long a time, nor at such a high temperature, and in this consists 
the essential difference between the English and the foreign process, 
as, abroad, the greatest heat is applied to the glazed vessels and not 
to the biscuit. The glaze upon table-w'are consists of: 

Cornish stone - 34 1 which substances are fritted, ground, 

Chalk - - - 17 I and then mixed wuth 10 per cent, of 

Ground flint - 15 ' Cornish stone, and 20 per cent, of 

Borax - - - 34 J white! ead. 

100 

The lead is sometimes entirely omitted from the mixture for the glaze, 
and the proper degree of fluidity is then brought about by an addi- 
tional quantity of borax. The lead and borax-glaze of this kind of 
porcelain is soft, but pure and sufficiently brilliant for the ordinary 
paintings and decorations. 

It is worthy of special notice that’ the celebrated Wedge wood -ware 
(from the name of the inventor) is composed of a clay composition 
and a frit, and is classified with more propriety under this kind of 
porcelain than with stoneware, as is more commonly the case. 

Bone is a very important ingredient in English china, and enters 
largely into its composition. The phosphoric acid of this ingredient 
diffuses itself at a high temperature through all the materials, and 
unites them into a translucent enamel, which is less apt to sink and 
lose its form than the hard china; it may, consequently, be baked in 
larger kilns, and with less risk of loss to the potter. 

Body , — The following are approved mixtures for English china 
body. 


Bone 


I. 

46 

11. 

4 

iti. 

4 

China clay 


31 

— 

— 

Cornish clay 

f 

— 


3 

Cornish stone 

- 

23 


n 

Flint 

- 

— 


i 


The bone and flint being some times fritted to produce the highest 
degree of vitrescence, and then mixed up with the other ingredients. 
A little Dorset clay is sometimes added for large pieces, as dishes, 
&c., to give more ductility in working and stability in the fire. The 
beautiful material pf the small ornamental figures and statuettes called 
Parian, and manufactured by Mr. Minton, is said to be a more highly 
vitrified porcelain taking the highest degree of heat. The firing of 



ENGLISH CHINA. 


217 


this material must, no doubt, be regulated to a very great nicety, as 
its peculiar degree of transparency, bearing a great resemblance to 
marble or ivory, appears to be entirely dependent upon temperature. 

The heat of the kiln for buscuit porcelain varies according to the 
composition of the ware, but rfnges from 100° to 110° Wedgwood. 
This pyrometer is, however, never used in the potteries, but the proper 
temperature is regulated by small trial pieces of the same material as 
the goods to be fired. The firing lasts from 40 to 50 hours, and the 
average quantity of coal consumed is from 10 to 12 tons. 

Composition of Soft China , — The following are some recent ana- 
lyses of English china, by Mr. Cowper. 




No. 1. 

No. 2. 

No. 3. 

Silica 


39.88 

40.60 

39 685 

Alumina 

- 

21.48 

24.15 

24.650 

Lime - - - 

. 

10.06 

14.22 

14.175 

Protoxide of iron 
Phosphate of lime 

\ 

26.44 

15.32 

15.386 

Magnesia 

- 


.43 

.311 

Alkali and loss 

- 

2.14 

5.28 

5.792 


100.00 100.00 100.00 


English China Glaze , — The glaze employed for English china is 
harder than that employed for earthenware: the following substances 
enter into its composition in the following proportions. 


Cornish stone 

Calcined flint 

Carbonate of lime 

Cornish clay 

Soda 

Borax 

White lead 


- 109' 
. 60 

- 25 

- 10 
- 10 
- 60 

- 30. 


These are fritted together with 
^ per cent, of while lead and 
per cent, of flint. 


20 

10 


The following are also said to be excellent. 


Cornish granite 
Soda - - - 

Borax - - - 

Nitre - - - 


251 

6 

3 

1 


Fritted in gloss-oven 
} and then the follow- 
ing mixture is used. 


Frit - - - - 

Cornish stone 
White lead - - 

Flint - - - - 

Carbonate of lime 
Oxide of tin - - 


The whiteness is increased by a little oxide of cobalt. 
Another glaze for China is given below: 


Felspar - - - 38 f 

Lynn sand - - 24 J Fritted together and 

Carbonate of lime 111 mixed as Ipllows. 
Borax - - - - 27 1 


Frit - . - - 

K Cornish stone 
White lead - - 


26 

26 

31 

7 

7 

3 


60 

20 

20 


The temperature of the glaze-kiln is about 60° W^edgw., but this 
also varies with different circumstances in the manufacture. The 
VOL. II. T 
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time required for burning the glaze is about 17 hours, and the con- 
sumption of coal on an average is 6 tons. 

Colors. — The colors employed in painting upon English china are 
prepared from metallic oxides, ground up with fusible glasses or fluxes 
of various degrees of softness. The ftix most generally used is com- 
posed of : 

Red-lead - - - 6 

Borax - - . . 4 

Flint - - . - 2 

The painted goods are placed in the enamel-kiln, as was the case 
with hard china, where the fluxed colors melt and attach themselves 
to the glazed surface producing colored glasses. 

Gold is applied to china in the state of an amalgam ground up with 
turpentine and a metallic flux. Thus, oxide of gold, 1 oz. ;* mercury, 
14 pennyweights ; oxide of bismuth, 1 pennyweight ; chloride of sil- 
ver, 2 pennyweights. The bismuth and silver are melted in the 
enamel-furnace, and fix the gold to the china in such a manner that 
It can be subsequently burnished with agate. 

Composition of Clays and of Porcelain. — The following analysis of 
clays and porcelain have been recently published by Mr. Cowper: 

TABLE OF THE COMPOSITION OF CLAYS AND PORCELAIN WHEN FREE 


FROM W^ATER. 



Silica. 

Alumina. 

Protoxide of 
iron. 

V 

E 

Magnesia. 

Phosphate of 
lime and pro- 
toxide of iron. 

Alkali and loss. 

Specific gravity. 

Cornish china-clay 

« u 

Sandy clay 

Pipe “ 

Blue “ 

Red « 

Fire “ - - 

Yellow “ - - 

English china-ware - 
No. I. - 

No. 2. . 

No. 3. - 

Berlin ware 

Superior china ware 
Inferior “ 

Common English 
white ware - 

53.16 

63.12 

70.29 

61.39 

63.52 

52.11 

69.33 

65.06 

39.88 

40.60 

39.68 

72.96 
71.04 

68.96 

68.55 1 

45.61 
46,00 

27.47 

36.61 
43.89 
36.19 

23.62 
30.68 

21.48 
24.15 
24.65 
24.78 
22.46 
29.24 

29.13 

.31 

.31 

1.33 

1 54 
1.20 
8.17 
5.56 
3.70 

.41 

.57 

.90 

.46 

1.39 

1.56 

1.49 

.56 

10.06 
14.22 
14 18 
1.04 
3.82 
1.60 

1.24 

.51 

.51 

trace 

2.04 

trace 

.43 

.31 

trace 

26.44 

15.32 

15.39 

2.14 

5.28 

5.79 

1.22 

2.68 

2.558 

2.419 

2.314 

2.314 

2.3C0 


Prepared by pouring melted gold into nitric acid. 
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b. TRUE PORCELAIN. 

JVature of the Mass , — The clay-wares which are known under this 
name, and which are manufactured in China and in all European 
countries (with the exception of England), are composed of two essen- 
tially different constituents, the one of which is an infusible, plastic, 
white clay, called kaolin* or China-clay ; the other, an infusible, 
not plastic material, the so-called flux. The latter is almost uni- 
versally composed of felspar, with the addition of quartz, chalk, and 
gypsum. 

Kaolin alone, would afford a porous, opaque body; the flux, how- 
ever, softens in the heat of the porcelain-kiln, and penetrates as a 
vitreous matter the whole body of the clay, completely filling all the 
pores and covering all the surface, it binds the whole together into a 
dense impenetrable mass. The translucency of this materal is, there- 
fore, due to the clay body being saturated, as it were, with a mass of 
glass, as transparent paper is permeated with oil. Under the micro- 
scope, the two ingredients can be clearly distinguished separate from 
each other, and the milky mass appears as a transparent ground mixed 
with an opaque ingredient, which, according to Ehrenberg’s obser- 
vations, consists of articulated threads (f. e., composed of globules 
arranged in a linear direction, one on the other) or little rods, which 
are interwoven, and cross each other in all directions. 

According to the microscopic observations of Oschatz and Wachter, 
the porcelain mass consists of a vitreous matrix w^hich is intersected 
in ail directions by innumerable crystaline needles of the most minute 
dimensions, and its w’ant of transparency is due to the reflection and 
refraction of the light from the surfaces of these crystals. 

The Glaze , — The glaze is equally characteristic, and is always 
composed of felspar, sometimes mixed with a little gypsum, but never 
with lead or tin. The glaze is consequently of the same nature as 
the flux, and being brought into the most intimate connection with 
the flux and the mass, the most essential property of porcelain is thus 
secured, i. e,, the glaze cannot be separated or peeled off from the 
substance of the vessels by outward shocks or sudden changes of 
temperature. If the property of expansion by heat of the glaze were 
materially less than that of the mass, the former would not be able to 
expand with the latter, and at high temperatures the glaze would no 
longer cover the entire surface of the vessels, but would split in vari- 
ous parts, like a garment that is too tight. Of all kinds of clay-ware, 
porcelain is least liable to exhibit that kind of fine net-work on its 
surface which is produced in the other kinds by the splitting or craz- 
ing of the glaze. The glaze being free from lead, and consequently 
very hard, enables it also to resist the effect of the knife and fork in 
cutting, &c. 


* The word Kaolin is the original Chinese Kao-lin, and has been gradually adopted 
in all European languages. 
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The nature of porcelain clearly shows that kaolin and felspar are 
its principal ingredients, and the ware might be appropriately 
called kaolin-ware. The mass for porcelain vessels is composed as 
follows : — 


TRUE OR HARD PORCELAIN. 


COMPOSITIOir OF THE MASS. 


In Berlin. 

In Vienna (1812). 

For domestic use, plates, 
dishes, &c. 

For ornamental purposes. 


Kaolin from Mori 76 

Kaolin from Mori - 25 

Kaolin from Auerbach • 72 

Felspar - - 24 

“ Beidersee 50 

Felspar - - - 15 

Pure sand - - - 10 

Felspar - - - 12 

Quartz • - - 12 

Gypsum - - - 4 


In Meissen (Saxony) 

(commonly called Dresden porcelain.) 

In Nymphenburg, 
near Munich. 

For domestic purposes. 

For ornamental purposes. 

For low 
tempera- 
tures. 

For hig:h 
tempera- 
tures. 

Kaolin from Aue 

18 

Kaolin from Seilitz 

37 

Kaolin from 


Sosa 

18 

Quartz ... 

37 

Passau - G2.5 

65 

Seilitz 

36 

Lime from Pirna 

17i 

Quartz - - 1 9 

21 

Felspar 

20 

Broken porcelain 

Hi 

Sand, separated 


Broken biscuit por- 




by water from 


celain 

2 



kaolin • 6 

4 





i Gypsum - 5 

5 





1 Broken porcelain 7.5 

5 


In Sdvres, near Paris. 

In St. Petersburg. 

In Copenhagen. 

For vessels (1843) 
(compare p. 229.) 

For table-ware. 


Kaolin from St. Yrieux 48 
Sand, separated from 
above - - - 48 

(containing felspar.) 
Chalk - - - 4 

Kaolin from Risansky 50 
Felspar, Finland - 25 
Quartz - - -25 

Kaolin from Bornholm 40 

Quartz from Arendal - 33 
Felspar - - - 27 


Crude materials. Kaolin, Locality , — The kaolin from St. Yrieux- 
la-perche, near Limoges, occurs below the gneiss. This, as well as 
the diorite below it, is interrupted and intersected by masses of peg- 
matite, occurring sometimes in massive deposits, at others in veins. 
The decomposing action of the weather has gradually converted the 
gneiss into a red, and the diorite into a blackish-gray mass, resemb- 
ling kaolin, but which cannot be used, on account of its color. The 
pegmatite, on the contrary, wherever it is thoroughly decomposed and 
contains but little quartz, consisting chiefly of felspar, has furnished 
a clay-like kaolin in contradistinction to stony kaolin^ which contains 
a quantity of granular quartz, and portions of undecomposed felspar 
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as sand. Besides these two varieties, there is another distingui^ed 
as sandy kaolin^ in which the two latter constituents preponderate, 
so as to make the kaolin appear poor. 

At Aue, near Schneeberg, in the Saxon Erzgebirge, the source of 
the kaolin is a rounded mass of granite, very much decomposed on 
the surface, and entirely surrounded by a deposit of kaolin as with a 
cap. Then follows a thin stratum of granite, very much decomposed, 
upon which is found a second deposit of kaolin, of the same nature as 
the preceding. The whole is overlaid by a kind of gneiss, intersected 
wdth numerous veins of quartz and bloodstone. 

At Halle (Mori) the kaolin occurs six feet below the surface, not 
upon granite, but on porphyry. 

At Sosa, in the neighborhood of Johanngeorgenstadt, an extensive 
Vein of quartz breaks through the granite to the surface, almost in a 
perpendicular direction; the vein of quartz is separated from the 
granite on both sides by a band of ironstone, and wherever the iron- 
stone comes into contact with the granite, the latter is decomposed 
to a certain extent, while the felspar is converted into kaolin. 

At Passau, the kaolin has been formed under precisely the same 
circumstances as at Limoges. 

Preparation of the materials , — It wiW be obvious from the state in 
which it occurs, that the crude kaolin is not in a sufficiently pure 
form for the purposes of the manufacturer, but is a mixture of real 
kaolin with undecomposed felspar and particles of quartz, which must 
be separated or finely ground and mixed, so as to form a uniform sub- 
stance throughout. The process of crashing and suspending in water, 
which precedes the grinding, is generally undertaken at the porcelain- 
works, but is in some cases partially effected at the pits. At St. Yrieux, 
for instance, the siliceous kaolin is separated from a great excess of 
sand, which is not wanted in the manufacture, before being sent away. 
The decanted earth, or such as has settled down from suspension in 
water, and the other crude varieties are then worked at Sevres, near 
Paris. The decanting or elutriating apparatus consists of three tubs, 
placed one above the other. The upper row is used for separating 
that portion of the crude matter which is not capable of being decanted. 
The middle separates the coarser and more sandy particles from the 
finer argillaceous, which deposit in the third row of vats, and are 
there separated from the water. When the crude kaolin is introduced 
into the uppermost vat, the lumps are broken up by stirring or kneading 
by workmen or machinery. In the latter case, an upright shaft fur- 
nished with horizontal arms, is generally set in motion. When every 
part has been thoroughly stirred up with the water, the latter is 
allowed to run ofi‘ through a plug-hole, situated a few inches above the 
bottom of the upper vat, into the one belou it; (in Sevres there are 
six of these vats.) The stones and coarser particles remain behind, 
while the decanted liquid contains the fine sandy particles mixed with 
the real kaolin. After remaining for a short time at rest, the sand 
completely sinks down to the bottom, and the liquor only carries the 
argillaceous kaolin with it into the lowest vessel, where it is allowed to 
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deposit completely before the water is run off from the finely<»div}ded 
mild. Ill' decanting from the one vat into another, the kaolin slip* 
is allowed to pass through hair-sieves, in which the lighter species of 
impurities, as strips of wood, straw, &c. are easily separated, which 
would not of themselves fall to the bottom, but float on the surface of 
the liquid. 

This process of decantation yields in Sevres, a sufficient supply of 
felspar and quartz in the state of sand, while the stony and argilla- 
ceous varieties afford at the same time each their particular kind of 
sand and crude kaolin. 

Chnlky gypsum^ broken porcelain , — In Sevres, the chalk from Bou- 
gival is a constant addition to the porcelain-paste ; it contains above 
95 per cent, of carbonate of lime, but any kind of limestone of equal 
purify can be substituted for it. At Nymphenburg, the gypsum found 
at Marquardstein is used for a similar purpose. At the latter place, 
as in Aieissen, fragments of old porcelain are constantly added (like 
cullet in a glass-mixture;) these injure the plasticity of the paste, 
however, when allowed to exceed a certain proportion. 

As perfect success in the manufacture of good porcelain mainly 
depends upon the care with which a uniform mixture of the ingre- 
dients is effected, it is obvi- 
ously of the utmost import- 
ance that everything by na- 
ture of a coarse and massive 
character, such as felspar (as 
sand or grains), chalk, gyp- 
sum, broken porcelain, &c., 
must be reduced to the finest 
state of division. Mills are 
consequently required which 
grind these substances to the 
same state of powder as the 
kaolin naturally possesses. 
The woodcut. Fig. 151, re- 
presents a mill in vertical 
section as used at Sevres. 

The mills , — Two millstones 
are fixed in a wooden box, 
constructed of deals and 
bound together by hoops ; the 
lower stone C is wedged 
firmly in the box by means of 
the cross piece F ; the upper 
stone B, on the contrary, is 
capable of a rotatory motion. 

A brass casting to is let into 
the upper surface of the top 



• Slipi* the term applied In the potteries to any substances in the state of suspension 
in water. 
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Stone, near the hooks u e, in which the shaft 1 1 is fixed by means of 
cavities and arms x^x; v v is sl kind of sheath, supported by the 
iron beam p, which surrounds the shaft t. These pass upward through 
the stay to the cog-wheel c e, which matches into the wheel a, at right 
angles to the shaft and revolving upon a shaft o. The iron coupling 
can be pushed up or down on the shaft tj by means of the lever c, which 
forms a ring s ^ in the centre. When the lever is pushed down, the 
projections i i interpose between the spokes of the wheel e, and are made 
to revolve with it; they then communicate motion to the shaft, with 
which they are firmly connected, and consequently at the same time to 
the mill-stone b. In order to connect the parts ii i with the shaft at 
anytime and with ease, or to bring their motion into uniformity with* 
that of the shaft, or put them out of gear, an iron bolt z (Fig. 

152) may be pushed into a slit, half of which belongs to Fig. 152. 
the shaft y, and half to the part in question, x. The 
upper stone B, is not perfectly round, but hewn flat on 
tw^o sides, and with two grooves opposite each other, a 
and /3, in order to guide the material better in a down- 
ward direction between the two stones. If the pieces of 
stone are of larger dimensions than those spaces are w’ide, the former 
will, of necessity, be excluded from the spot where the grinding is 
effected. All the materials must, consequently, be brought to a uni- 
form size, under crushing machinery or stampers, before being intro- 
duced into the mill. 

In place of the mills just described, others are frequently employed 
similar to those which are in use in the English potteries, and of which 
we shall have occasion to speak hereafter. 

Mixture of the mass . — The materials in every case must be ground, 
and the ground mud must be separated from its coarser particles by 
decantation, upon the plan pursued with kaolin, so that eventually all 
the matters employed for the porcelain-paste are in the state of a fine 
powder, and these must then be mixed in the variable proportions 
observed in the different manufactories. With this object in view, 
the matters ought to be mixed in the state prescribed, that is, in a 
state of perfect dryness, which would be a very tedious and long pro- 
cess. To avoid this, it is usual to ascertain in the first instance, how 
many pounds of solid residue are contained in a cubic foot of each 
separate mud (felspar, kaolin, &c.) and then to mix the different in- 
gredients by measure. Of cour.se none of the matters must have 
completely settled down; but each should form a thickish uniform 
semi-liquid mass. This method of measuring, although more accu- 
rate than that of weighing, by no means secures to the manufacturer 
the production of the exact mixture that he requires, at least not in 
those cases where each separate cargo is of so changeable a nature 
as at Sqvces. The kaolin contains more or less silica and alumina 
at diffeCH^ times ; when, therefore, the mixture is weighed out ac- 
cording to the recipe without further examination, the proper quanti- 
ties of felspar and kaolin may be obtained, but very incorrect propor- 
tions of alumina, silica, potash and lime will be incorporated with 
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|)aste^ and upon these its characters chiefly depend. The stand- 
mg rule observed at Sevres is, that the best m^s for the production 
of porcelain vessels must be that deduced from the elementaiy analy* 
sis of porcelain of known good quality; or, according to the results 
of experience, the mixture must consist in 100 parts of 

58.0 silica, 

34.5 alumina, 

4.5 lime, and 
3.0 potash, 

which numbers are obtained as the mean of analysis. In order to 
be able to work upon this plan, it is only necessary to make an 
analysis of each of the materials that are to be mixed together. This 
will make known the quantity of silica, alumina, lime, and potash 
which each contains, and afford a safe criterion for calculating how 
much by weight (and consequently by measure) of each will be re- 
quired in order to obtain the mean quantity as nearly as possible in 
the mass. ^ As each cargo of kaolin is chemically a different mixture, 
the proportions used of it must necessarily be different each time, but 
the naixture must always contain the same quantity of elementary 
constituents, as will be evident from the following instances: — 


Mixture of 1839, 

I 

i 

Contains 

, 

Mixture of 1643, | 

Composed of 


Alumina. 

Lime. 

Potash. 

- 

1 1 

Composed of j 

1 

73 Decanted kaolin ! 
24 Felspathic sand I 
6.5 Chalk . . j 

3ti.69 

19.37 

n 

30.66 

3.40 

0.73 i 1 75 
“ 1 1.27 

3.77 1 

4H Kaolin • - i 
48 Felspathic sand ' 
7.2 Chalk - - i 

1 

1 

57.96 

34.06 

4.5 1 3.02 



Contains 


1 W 

1 

0.05 j 

0.96 

: 2H 

17 

0.53 1 

2 01 

( *< 


4.U0 1 


5» ; 

34 1 

4 58 j 

2.97 


The practice at Sevres is not necessarily applicable to other locali- 
ties; It does not follow that every species of porcelain possessing the 
composition as that of Sevres, should conseqiilntly 
exhibit the same properties; for, although the composition in 100 
parts may be identical, still very much depends upon the nature of 
the proximate ingredients in the mixture. 

Drying the paste. The mixture of the ingredients is effected in 

be so far dried that it will form a dough-like kneadable mass. Sub- 
sidence does not effect this in the proper manner; in the first place 
It requires too much time, and affords, in the second, an opportunity 
heavier particles (the felspar-powder) to separate^from the 
lighter. In short, a disintegration of the mass would be unavoidable 
than which, no more serious error could be committed. By ebullition 
and evaporation, in which case constant currents are kept up in the 
liquid, a separation of this kind is not likely to occur ; but experience 
h... how,,. ..remarkable that U. ..Ut.',. for pSain 

Will not bear such treatment without impairing its plasticity^and be- 
coming, as it is technically termed, « ^ and be- 
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By oS^ofpjum.— lie ordinary mode resorted to in the porcelain^ 
manufactories is consequently a drying process by absorption. The 
paste or mud is drawn off into boxes, the bottoms of which are com- 
posed of gypsum, and this attracts the moisture on account of its 
porosity. The plates of gypsum must, of course, be repeatedly dried. 
In propitious weather, the drying action of the air is also made sub- 
servient to this object. 

By presses . — The use of gypsum as a drying agent has been latterly 
superseded in many places by the plan of pressing, introduced by 
HoUore, which, although not more economical, has the advantage of 
communicating a greater degree of plasticity to the paste. The mix- 
ture is placed in quantities of J or J cwt. in linen bags, and submitted 
to gradually increased pressure in a screw or lever press. The bags 
are made from a particular quality of cloth, in which the twisted 
threads must be of a particular kind as regards density and porosity. 
The threads must also be carefully freed from filaments, that these 
may not attach themselves to the paste. It is well to soak the bags, 
previously to use, in hot linseed oil, which renders them more per- 
meable to water, and more durable. 

By atmospheric pressure . — Another contrivance has been carried 
out in some places, and consists in bringing the paste into a kind of 
filter, and accelerating the separation of the w^ater (which would go 
on very slowdy of itself) by atmospheric pressure. The apparatus of 
Talabot consists of iron funnels, terminating in an iron tube. These 
are covered by a metallic sieve, upon which a thick layer of felt is 
placed, and upon this the paste is superposed. The exit-pipe is 
brought into connection with a close chamber, from which the air can 
be readily exhausted, the weight of the atmosphere then presses from 
above upon the fluid-level, and causes the water to descend through 
the paste and felt into the chamber below\ 

Further preparation and mouldering . — In w^hatever manner the 
drying may have been effected, the paste is always obtained of un- 
equal consistence; thus, for instance, the paste from the sacks is 
much firmer on the outside than in the interior, and this defect is 
remedied by treading it under the feet, or by beating (slapping). 
The lumps or balls (it is usual to preserve the paste in this form) 
are repeatedly and forcibly throwm against a hard stone plate, or are 
placed betw’een metallic plates wdth a stamper. 

The felspar and lime in the paste are not plastic ingredients; it is, 
therefore, easy to conceive that this so-called flux, which alwrays 
amounts to about one-fourth or more of the whole, must very much 
interfere wdth its plasticity. Indeed, the degree of plasticity of the 
paste is very much below that of lumps of pure clay, and the forming 
or moulding process is consequently more expensive and arduous ;* 
this renders it necessary to neglect no means of increasing the plas- 
ticity of the paste. Amongst these may be mentioned the mixing it 

* A workman cannot mould more than 60 or 80 plates of porcelain in ten working 
hours, whilst a man employed with assistants in preparing plates from the more plastic 
earthenware can finish 600 in the same time. 
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■with fragments from the forming operation, continued treading or 
kneading, and above all, storing it away in moist layers, in order 
that a species of decay may be induced. 

It is never desirable to work paste that has not been stored away 
in a moist state for a year at least, and it is better when it has moul- 
dered. By this mouldering, we are to understand a curious pheno- 
menon which has not been fully explained, and which occurs when 
the paste is left to itself in a moist place (not under w^ater), and in 
lumps of such dimensions as preclude the possibility of its becoming 
dry in the interior. A fetid smell of rotten eggs is evolved from the 
mass under these circumstances, and the interior portion becomes of 
a darker color, passing from gray to black, and which lasts as long 
as the circumstances remain the same. The black color is produced 
by the highly carbonaceous product of the decomposition of organic 
matter, w^hich by a constant absorption of oxygen, as is observed in 
other cases, reducing the sulphates that may be present (gypsum) to 
the state of sulphurets, gives rise to the production of sulphuretted 
hydrogen. 

On the outer parts, and w’herever the air has access to the black- 
ened portions, the black matter disappears, and the oxygen is con- 
verted, under these circumstances, into carbonic acid. It is more 
difficult to assign a reason for the greater plasticity of the mass that 
has passed through this process, although all those w^ho are practically 
acquainted with the subject are so fully convinced of its efficacy, that 
attempts have been now and then made to facilitate or induce fer- 
mentation by the addition of honey, syrup, &c., to the mixture. 

Forming or moulding the paste, — The porcelain goods are formed 
either upon the potters^ lathe or t hrowing^ wheel , in moulds or by 
casting. 

On the lathe or throwing-wheel. — The potters’ lathe is one of the 
oldest machines employed in the arts. Judging from the antique 
paintings it must have been in use in Egypt 1900 B.C. In the form 
in which it is now employed in the porcelain manufactories, the disc 
is placed in the middle of a table a a. Fig. 153, with a very massive 
frame-work as support. The feet of this table are bound together by 
cross bars, i, 6 ; /, /, is a narrow leaf of the table. The disc itself 
consists of the head, the axle, and the wheel. The axle c is made of 
iron, and is fixed in one point of rotation at e (a piece of quartz 
cemented to the floor by plaster of Paris), whilst the other is situated 
in the brass ring rf, which is screwed to the slab of the table. To 
the lower part of the axle a wide, heavy, horizontal wheel, g, g, is 
attached. The former or thrower^ who sits upon the stool A, sup- 
j)ortiDg himself with his feet against the board A:, attains a sufficiently 
stable position by the inclination of the seat and foot-board, to be en- 
abled to rotate the wheel with one foot. By its weight, and because 
the greatest w^eigbt is placed in the circumference, the wheel works 
as a balancing- wheel, i. e., it renders the motion in the upper part d 
uniform and continuous, which is of essential importance. This 
upper part consists of a massive block of gypsum, which is spread 
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Fig. 153. 



out into a flat surface; upon this in the operation of forming, a lump 
of clay is firmly pressed. When the workman now presses slightly 
with both hands against the mass, which is kept in constant rotation, 
the latter gradually acquires a round form ; if he forces both his 
thumbs downwards into the centre, a cavity is produced, which is 
enlarged by removing his thumbs from each other, and is of a bell 
shape when these are again brought together. If the sides of the 
half-finished vessel are closely pressed in a slightly upward direction 
between hands and thumbs, they will be lessened in thickness, and 
heightened accordingly. It is absolutely necessary to maintain the 
hands in a smooth state by constantly dipping them into a vessel con- 
taining a quantity of w^ater and paste held in suspension, or they 
would adhere to the piece and destroy the smoothness 
In this manner all vessels of a circular form in sec- 
tion can be produced; if the mouth of the piece is 
too narrow to admit of the insertion of the hand, as 
is often the case with a jug, the piece is either made 
of two halves, or is formed with a sponge fastened 
to the end of a crooked stick. If the eye is not suf- 
ficiently delicate in estimating the height and width 
of the pieces, a small rule is used, as showui in Fig. 

154. This is merely a narrow rule 6, Avhich can be 
fixed in any position in a longitudinal slit or rod a, 
by means of the slide, and can be placed perpen- 
dicularly above the piece that is being formed. 

In forming, by means of the lathe, the inequalities of the skin pro^ 


of Its surface. 
Fig. 154. 


a 



e 
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duce spiral lines on the surface of the pieces, and as neatness and 
cleanliness are of the greatest importance in the manufacture of por- 
celain, and, moreover, as the mass is* not sufficiently plastic to be 
worked to the degree of tenuity required by the purchasers, the vessels 
are formed only in a crude manner upon the throwing-machine, and 
are brought to the proper dimensions and perfection of form in a sub- 
sequent operation. 

There are some operations in the manufacture of porcelain which 
it is impossible to describe, where the movements of the materials 
and workmen are such that nothing but a personal inspection of the 
manufacture can convey an adequate idea of their nature. The wood- 
cut, 155, and several of the following, have been executed by the 
manager of a pottery, and represent the principal operations in the 
manufacture of porcelain and earthenware so very clearly, that the 
descriptions preceding them will, by their aid, be rendered much 
more intelligible to the ordinary reader. 

Fig. 155 represents some workmen employed in the operations of 


Fig. 155. 



workman A, sufficiently large to form the vasen; he has placed it 
upon a plaster support which covers the top of the axle of the lathe, 
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and he is in the act of throwing, working with his foot and hands at 
the same time. By his side is a kind of skin or apron for catching 
the slip which is thrown off in the operation. B is employed in the 
next stage of the process, or in finishing the piece with the iron gauge 
in his right hand : c is a compass or calliper to regulate the degree 
of thickness, and d the model vase, which is the pattern of the one in 
progress. 

Gypsum Moulds . — All objects which are not circular in section, 
oval, therefore, and other angular shapes, which cannot be turned, 
are formed in gypsum moulds^ in which those parts corresponding to 
the prominent parts on the pieces, are of course sunk, and vice versa. 
While, on the one hand, the mass to be formed must be so tractable 
as to be easily introduced by kneading into all the cavities of the 
mould, it must, on the other hand, be so stiff, on its removal, as not 
to bend ; it must, consequently, acquire consistence, and dry in the 
mould. This important condition renders it absolutely necessary to 
employ substances of a porous nature for constructing the moulds, as 
otherwise the piece w'ould stick and bend on being removed. 

Gypsum is, therefore, the only substance (with the exception of 
burnt clay) that can be used for the moulds. In order to obtain plate- 
moulds, for instance, which are much used, the method pursued will 
be evident by reference to Fig. 156. 

Upon a model a, which may be composed of metal, or, also of gyp- 
sum, and which exactly corresponds with 
the inner surface of the plate, but is in re- 
lief, a hollow gypsum cast b is taken, which 
serves as a matrix, and is saturated with 
oil ; from this, as many casts c are taken as 

the matrix wdll bear; and these casts are b 

now the actual moulds. As the gypsum ex- ^ ^ 

pands in setting about 0.01 in linear dimen- -• 

sions, the original model must be made so ^ 

much smaller. According to the form of 

the vessels to be constructed, the moulds are simple or composed of 
two parts. The clay is either pressed upon the mould in pieces with 
the hand (as is done in the case of feet, handles, and ornaments, which 
are always formed separately, and applied afterwards); or, in most 
cases (as with plates, cups, and all similar hollow vessels), the mass 
is rolled out into thin leaves or sheets, which are then spread over 
the mould, and pressed upon it with a w’et sponge. These rolled 
sheets of paste, which are considerably thicker than the sides of 
the future vessel, as well as the moulds, are brought to the moulder 
by an assistant workman. The paste is frequently pressed upon 
the forms with more certainty of uniformity on the wheel,* when 


• In Enginndf a jigger or throw is generally used in this operation ; it resembles a 
lapidary ‘s- wheel, but is larger, and consists ol a spintlle, with a winch, pulley, and belt, 
fixed to work in a bench, and a block to fix firmly on the top of the spindle. This is 
used to give motion to the plaster moulds placed on the blcH.‘k. 
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Fig. 157 . the pieces are round, even'with an ornamented sur- 
face. Thus, for instance, as represented in Fig. 
157, where the sheet of paste a is pressed against 
the mould e, d, which is rotating with the disc of the 
wheel. In this case, the inner surface only is form- 
ed by the hand, and when this is inadmissible, on 
account of elegance of form or surface, the double 
moulds are used, as shown in Fig. 158, where the 
paste c is laid upon the solid form i, and thus 
brought into the mould a. Fig, 159. This new po- 
sition is clearly shown in Fig. 160, in which d d 
represents cavities by which the inner mould can 
be removed. Metal or horn tools are also frequently 
employed for the removal of inequalities on the surface, but these are 
only applicable to vessels that can be formed on the throwing- wheel. 



Fig. 158. 


Fig. 159. 



The use of these tools will be best understood by a description of the 
method ol forming plates. Round slabs of paste are first prepared 


Fig. 160. Fig. 161. 



upon the 'wheel. The head of the throwing-machine T, Fig. 161, is 
furnished with a plug S, in the centre, which fits into a socket in the 
round slab of gypsum /?, over which a piece of wet leather I /, is 
stretched, after the fashion of a drum, by means of the copper ring p. 
The lump of paste is spread over this, and is converted, by turning^ 
into a plate P, which is brought to a uniform thickness by means of 
a ruler. Thus prepared, it is removed by means of the leather to a 
plaster mould resembling c. Fig. 157: this latter being fixed upon 
another wheel, which is rotated whilst the workman presses down the 
plate with a sponge dipped and moistened in slip. 

In this manner, the inner side of the plate is formed, but the outer 
surface can only be made with the tool c, before mentioned, and 
shown in Fig. 162, which also reduces the mass of paste to the proper 
thickness; the tool is simply a piece of brass plate, in which hglf the 
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exterior outline of the plate is accurately cut. This tool is attached 
to the slide 6, which can be moved upon the horizontal arm R\ R> 
The adjustment is managed by means of the screws v u, which pass 

Fig. 162. 


'V o 



through the holesy* J*. The plate being made to rotate in contact 
w'ith the edge of the tool, all the excess of paste that extends beyond 
the proper outline is cut or turned off, and the plate is then formed. 

Fig. 163 represents workmen employed in moulding and furnishing 
the additional pieces, such as the spout, handle, &c. 


Fig. 163. 
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nipul^r *5 formB a thin dieet of the prepared paste 6, ^ith ir 
r^er on a piece of cloth or skin spread on a bench, and the workmaiT 
S pl^es it on the mould m, to which he makes it adhere, by stiong^y 
pressing it with a damp sponge. The mould m is placed on a ciiw 
cttlar plaster frame p, whose iron axis is made to revolve at pleasure 
by the workman, thus enabling him to fashion it more easily. The 
workman G is moulding a handle a, for the sugar-basin s; he is re* 
moving the roughness, and filling up the cavities leA by the moulding. 

Moulding or forming by pressure . — Experience has shown, very 
often to the cost of the manufacturer, that the porcelain-paste is ex- 
ceedingly susceptible of injury from the pressure exerted in moulding;, 
and the effects of this are only made apparent at a period when it is 
too late to remedy the evil. When the pressure exerted by the fingers 
or moulding instruments has been greater at one part than at another, 
or when there has been a general want of uniformity of pressure, the 
various parts are very differently affected during the subsequent 
drying and firing; some shrink more, others less, and a general dis- 
tortion occurs, which inevitably spoils the whole work. 

These defects are not so apparent when slight pressure only is 
applied, and are consequently easily avoided in the ordinary process 
of moulding; but when the pressure is increased and applied more 
unequally, they become so marked and unsightly, that the pieces 
must be entirely thrown aside. It is for this reason that the use of 
moulding-presses, either as screw or other presses, is connected w’ith 
such insuperable difficulties that they have been entirely discarded, 
except for particular cases, in the porcelain-works. Presses can only 
be applied to objects of such small dimensions as preclude the pos- 
.^bility of perceptible differences arising in the consistence of the mass. 
Amongst these are, for instance, coat buttons and the like, which are 
manufactured in England from tender porcelain. 

Casting.— In moulding vessels by casting, which is only practiced 
with porcelain, no difficulties of the character just mentioned occur, 
but there are others which are not unimportant. The process of 
casting depends upon the phenomenon which we have witnessed in 
the ordinary plan of drying the paste upon slabs of gypsum, t. c. upon 
the power of absorption of the gypsuiq/which is due to its porosity. 
Something similar occurs in the sul^equent glazing, which will be 
described below. If a dry plaster moufd is dipped into water, a certain 
^rtion of the latter will be absorbed by the pores, which thus become 
hlled; If the water was muddy, with suspended particles of clay, a 
kind of fillratiOT occurs, and all the clay that was suspended in the 
absorbed watel is left upon the surface of the gypsum, where it con- 
glomerates antTsets. The thickness of the deposit of paste depends 
u^n the duration of the operation, upon the massiveness and degree 
ot dryness of the mould, and, lastly, upon the nature and substance, 
or the dilution of the paste. A veiyr plastic material and pure clnr 
soon form a kind of impenetrable crust, which prevents any further 
increase in thickness, while the flux in the porcelain-paste r^ns the 
particles from coming into too close contact, and admits trf abiwq> ti oD 



takih# pkce thrmigh the deposits which have already been Ibrnted, 
For the purpose of casting, the paste most be stirred up into a thick, 
but yet perfectly liquid slip, and this must be passed through sieves, 
that all granular particles and air-bubbles may be left behind. Sup- 
pose a milk-jug, like Fig. 164, is to be cast ; the foot c, the body 6, 
the neck a, and the handle d, will each be cast in a separate mould ; 
these distinct operations are necessary, because prominent parts, like 
the lip of a, are not easily made. For this reason the neck a is 
moulded in an inverted position, as shown at a. Fig. 165 ; m and m' 


Fig. 164. 


Fig. 165. 
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are the sides of the mould, o is the aperture through which the paste 
is introduced, i that through which it flows out. The same letters apply 
to like parts in the form for the foot. Fig. 166, in which & is the space 
for the foot. Both moulds are first closed below, then completely filled 
with the liquid paste, from two to three minutes being allowed to 
elapse before the water is rapidly drawn off. A layer of one or two 
lines in thickness is then found to have collected. The mould for the 
body of the vessel 6', Fig. 167, is used in precisely the same manner, 


Fig. 166. 



Fig. 167. 



but is emptied by inversion. All the pieces, after having been cleaned 
from superfluous paste, are put together and joined while in the 
moist state, and when fresh, the joining is so perfect that no indi- 
cation of where it occurred is perceptible. The handle is put on 
afterwards. 

The toethods of casting porcelain have not been brought to great 
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perfection, or carried out to any great extent; the pieces must neces- 
sarily remain in the mould for a considerable time, in order to acquire 
the proper consistence, and the operation consequently requires much 
time and many moulds. On the other hand, many articles can either 
not be cast at all, or only in pieces. From a bottle-shaped vessel 
with a narrow neck, for instance, the excess of clay can only be 
poured out by inverting the mouth, and the jerks with which the 
w’ater then flows out, destroys and carries away the deposit upon the 
mould. The only method of casting such vessels is, therefore, to make 
them in two halves, and fit them together afterwards. At Sevres, 
pipes, retorts slabs, palettes, &c., are regularly cast ; as are also pil- 
lars, and the legs of furniture. 

Turning and Finishing , — The pieces are never faultless or perfect 
as they leave the hands of the moulder, but require various, and often 
tedious finishing processes ; such as, turnings re-touching^ ornamenting; 
and, lastly, the adaptation of the separately moulded pieces to each 
other. 

Many objects are made very much thicker on the potter’s-wheel 
than they are intended to be when finished, and the excess is turned 
off in a lathe, that the proper uniformity of outline may be attained. 
This turning is precisely similar to that practiced with horn, wood, 
or metal, and the clay must be in such a state of dryness, that a con- 
nected shaving may be c8t without either crumbling or adhering to 
the tool. In this state the piece is fastened to the gypsum slab of 
the throwing-lathe by moistening the bottom: the wheel is generally 
placed horizontally for this operation, and the pieces are fixed in or 
upon a choque, as is the case in an ordinary lathe. Instead of the 
chisel, ordinary flat sharp knives are em}>loye(l as tools. The chief 
point in the finishing process, is the removal of the ridges which are 
produced wherever the mass has penetrated between the two meeting 
edges of the mould; these ridges appear again after burning, if they 
are removed by pressure, but not when cut away with the knife. 

The casual cracks or indentations have also to be carefully filled 
lip at this stage of the manufacture. The most tedious w^ork of all, 
is that in which pieces have to be cut away with the knife, in order 
to produce the effect of basket-work, &c. An ornamental appearance 
is frequently imparted to the finished pieces in this state by pressing 
a kind of engraved stamp, in the form of a seal or roller, upon them. 
It is to be observed, that fatty oils will not prevent the adhesion of the 
stamp to the paste, when the latter is of the proper consistence, but 
that this is easily effected by oil of turpentine. 

It has been already frequently mentioned, that handles, buttons, 
feet, ornaments, &c., are formed or moulded separately, and fixed 
upon the porcelain before it is burnt. The less simple of these parts 
are moulded in plaster moulds ; smooth handles of uniform dimensions 
are obtained by pressing white clay through an aperture of corre- 
sponding diameter. A string or ribbon of clay is thus obtained, which 
only requires to be cut into lengths and properly bent in order to 
form a handle, such as is used ibr all ordinary vessels. All ioints of 
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this kind are simply effected by sticking the pieces together, under 
very gentle pressure, after the two surfaces have been roughened and 
covered with slip. All changes, which, during drying and firing, 
affect unequally the mass of the vessel and’the ornamental parts, tend 
to cause cracks, and to separate the latter. For this reason both parts 
should be equally dry, and the surfaces should have been prepared 
in the same manner (i. e., both turned or cast in plaster), and all 
excess of slip is to be avoided, that*the moisture which it contains, 
and which causes it to contract more in drying, may be without per- 
ceptible effect from its minute quantity. The same precautions apply 
to the joining of pieces moulded in separate forms, in which case the 
surfaces of juncture should be re-touched with a sponge or cloth. 

Very fine net-w’ork, as, for instance, the lace on the drapery of the 
small figures which are now in fashion, is made in a very ingenious 
manner, by dipping real lace into slip, which attaches itself to it, and 
is allowed to dry. The subsequent firing then destroys the original 
net-work inside. 

Drying . — When the water, which every paste in the plastic state 
must and should contain, is removed by drying, the solid particles 
will be brought closer together, in proportion to the quantity of water 
which has disappeared, i. e., a diminution of volume, or shrinking 
occurs; the proper proportions will remain unchanged when the 
shrinking and drying have been uniform throughout, but distortions 
will be produced if the latter is not the case. For this reason, the 
pieces cannot be dried in a stove, in the sunshine, or in a current of 
air, but only in the shade, and this is the more necessary, as experi- 
ence has shown that pieces quickly dried only become dry on the out- 
side, and enclose a quantity of moisture within the outer layer, w^hich 
causes them to split in the furnace, often with a kind of explosion. 
The general practice is to leave the goods arranged upon wooden 
shelves until they lose no more moisture. 

The Glaze , — In some places (Berlin, Nymphenbiirg, Meissen) the 
glaze is composed of kaolin, gypsum, and broken porcelain; it is, 
therefore, a glass containing alumina and lime, with no more potash 
than the small quantity w hich is contcained in the felspar of the kaolin 
and in the broken porcelain. At Sevres the glaze is composed, 
solely and alone, of the pegmatite from St. Yrieix, and consists, there* 
fore, of quartz and felspar. Although the relation of these two con- 
stituents may vary very considerably in small pieces, yet this is of no 
moment at Sevres, where such immense quantities are employed at 
once ; the analyses of each cargo, as made there, and of the decanted 
glaze itself, in wrhich all the constituents are mixed up into a homo- 
geneous mass, hardly differ. The mean of these analyses is 74 silica, 
17 alumina, and 9 potash (with a little lime and magnesia), which 
proportions correspond with the formula: •2(Al203,3Si03)-fK0,3Si03. 
Everything depends upon the proper fusibility of the glaze; if this is 
too difficult of fusion, it does not become sufficiently fluid to form a 
smooth, even surface, but appears wavy; on the contrary, a glaze 
that is too readily fused, becomes liquid before the paste is sufficiently 
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baked, and is still so porous as to suck in the glaze, in vhich case 
the surface appears rough and dry. It is obvious that all the ingre- 
dients of the glaze must be finely pulverized, decanted, and accurately 
mixed, in a similar mann#i* as the paste itself. 

Glazing . — Far the larger proportion of all porcelain-ware is coated 
with glaze, and this fan onl^ be quickly and uniformly spread oVer 
the surface by dippin| the pieces into a vessel containing the glaze 
in the form of slip su^ended in^ water. Vessels simply dried would 
absorb the water too slowly, and would be liable to bend and soften 
daring the dipping; it is, therefore, necessary to fire them to a certain 
extent previously, in order to render them porous and capable of 
absorbing water with avidity, as also to counteract their tendency to 
soften or fall to pieces in water. The porcelain is called biscuit after 
having been thus once burnt ; when dipped into the glaze, it absorbs 
a certain quantity ojC^^water, and the glaze which was suspended in 
that portion is left al^^jphed to its surface. The quantity or thickness 
of the glaze depends therefore, very much upon the massive nature 
and the porosity of tht> vessel immersed; it is also influenced by the 
amount of glaze held in suspension by the slip, by the length of time 
it is held in the liquid, and the degree of humidity of the biscuit. 
There are, consequently, many circumstances tending to render the 
deposit of glaze unequal, .which must be counteracted by preparing 
a slip of the proper consistence, and by sufficiently burning the bis- 
cuit; when these have be^ properly attended to, an instantaneous 
(20 to 40 seconds) immersioq is all that is required. The quicker 
the operation is performed, Xhf more uniformly is the glaze dissemi- 
nated, and that part of the pieOe which was introduced first into the 
glaze, is always removed first from the dipping-vessel. The part at 
which the piece is held by the Workman, on removing it from the 
dipping-vessel, has to be subsequently glazed with the aid of a brush, 
and the glaze is removed from those parts which would cause the 
vessel to stick to the support of the furnace. 

Fig. 168 represents the process of dipping the Wscui^-ware in the 
liquid glaze. 

The workman, ./?, is dipping a plate, holding it by the right hand, 
and plunging it into the liquid by the rim ; he is bringing his left hand 
to receive it at the opposite side. The workman, B, dips it vertically, 
and holds it so as to allow the excess of glaze to run off. The fe- 
male, C, is removing any drops of glaze on the body of a milk-jug 
which may chance to remain. The other, /), is doing the same to 
the bottom of a plate, in order that it may not adhere to the support 
on which it is placed for the purpose of drying. 

Among the utensils lying about, are gy the wooden trellis upon 
which the pieces are placed as they are taken out of the trough ; ty 
the sieve which is employed to separate the froth or impurities which 
float on the surface of the glaze; P, the shovel for agitating the glaze, 
so as to maintain it always of the same degree of consistency; 6, a 
tottle of vinegar for mixing among the glaze; and at the side of D 
is a small cup, c, containing some glaze and a brush for re-touching 
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any of the cups, handles, plates, &c., in places t^hich have not been 
coated with the glaze, or where it is too thin. 


Fig. 168 . 



Ihe glaze must of course not be allowed to settle down in the tub 
during the operation of glazing, or the vessels would be unequally 
glazed. It is generally sufficient to stir the liquid, or some substances 
are mixed with it which prevent the slip from being deposited ; the 
effect of vinegar is extraordinary in this respect. Thus, for instance, 
glaze in water at 20® C. (68® F.), required hours to separate; in 
water at 60® C. (140® F.), 3 hours; in water containing ^ of vinegar, 
6 hours; and in water with of gum arabic, 8 hours under the 
same circumstances. 

If a thinner glaze is required at any particular part, the part must 
be moistened previously to immersion; places that ought to remain 
without glaze are covered with a mixture of wax and tallow^ ; a por- 
tion of the glaze may be removed with a brush, or the whole by 
scraping. 

Fig. 169 represents the various articles on their way to the kiln, on 
a plank on the shoulder of the workman A, These articles are very 
fragile, not having acquired, as yet, any tenacity. B is a workman 
engag^ in repairing the seggar c, in which the various pieces of 
earthenware are placed befoit depositing them in the furnace. 
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The Furnaces^ or Kilns . — The porcelain is fired with the glaze, m 
which operation it is rendered dense, vitreous, and translucent ; it 


Fig. 169. 



follows from this that the glaze must be of such a nature as to melt 
at that temperature which is necessary to bake the porcelain com- 
pletely. The waste heat from this operation is employed for the pro- 
duction of biscuit, or for the firing previous to glazing. 

The greatest possible heat that can be artificially produced is re- 
quired for baking porcelain, partly on account of the chemical nature 
of the substance, and partly from the refractory nature of the glaze. 
This intense heat is so much the more necessary, as the white color 
of the mass, the transparency of the glaze, and its softness at a high 
temperature, prohibit the exposure of the porcelain to the direct flame 
of the furnace. Porcelain, like many other kinds of pottery, is, there- 
fore, always enclosed, during firing, within clay vessels, or seggars. 
This high temperature, which must be easily regulated, uniform, and 
steady, if the pieces are not to be spoiled by splitting, bending, or 
fusing, as well as the large quantity of the material, and the number 
of seggars that are fired at once, requires commodious furnace arrange- 
ments, peculiarly adapted to the object in view. In the first place, 
it is obvious that the porcelain goods cannot be brought into direct 
contact with the fuel, or with the flame^f the furnace, without im» 
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peeling the draught and causing a want of regularity in the distribu- 
tion of the heat. All pottery is consequently baked in a reverberatory 
furnace, the fire of which is made on a separate grate, and does not 
come into contact with the ware. All potters’-kilns are, therefore, 
reverberatory furnaces. They all have the advantage of surrounding 
the objects more completely with flame, and of heating them more 
uniformly than would be practicable if they were placed in contact 
with the fuel, and the regulation of the heat is also facilitated. The 
heat in a reverberatory furnace, like that shown at vol. i. p. 265, is 
very unequally distributed, being very much greater near the grate 
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ibrn^isk the itagfalMiriMiod the chimney ; this form of fnroece is oo^i 
l^eqnei^y not iteariy *so applicable to the present purpose as that emi 
ployed in the glass-houses, where the fire is in the centre instead of 
at one end. The porcelain-kilns are, indeed, very similar to the 
glass-furnaces ; the fire in the former, however, is made on several 
^ates, situated at the circumference, instead of being united, as in 
the latter, into one central fire. The porcelain-kiln, therefore, 4Jon* 
sists of a round chamber, on the floor of which the porcelain vessels, 
enclosed in the seggars, are arranged in columns or bungs; from 
below, and all around, the flames ascend from a number of wide 


Fig. 171. 
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fluei, wbieb are in connection with the same number of fire-placea^ 
The flames fill the whole space, circulating between the columns of 
seggars, and escape through difierent apertures in the top of the 
chamber. From thence they enter a second floor, as it were, and are 
employed for heating the biscuit-ware. The details connected with 
the kiln wdll be seen by reference to the Fig. 170, which represents 
the Sevres kiln, the one-half in perpendicular section ; whilst Fig, 
172 shows the horizontal section, on the right hand through the fire- 
Jbearths, and on the left, a section through the upper chamber. The 
kiln is surrounded by 4 separate fires, ./?, ./?, .4, which first heat the 

space Ly destined for completely burning the porcelain; then the 
upper chamber L', for baking the biscuit, and, lastly, a third space 
G, which may be used for the same purpose or for baking the seg- 
gars, the flame escaping through the chimney C. The hearths of the 
porcelain-kiln are quite peculiar, and are constructed without any 
grate, and in such a manner that the draught is forced to take a direc- 
tion contrary to that which is usual in other furnaces. The space c, 
is filled with red-hot charcoal ; the \^d is then introduced in small 
billets, w^hich just pass through the aperture 6', and completely fill 
the space J', The draught, therefore, assumes in the first instance a 
downward direction (in the direction of the arrow) through 6' and the 
spaces between the billets of wood in reaches the burning wood be- 
tween f and Cy and creates a long flame, which escapes through p into 
the chamber L, where the combustion is completed. In an ordinary 
fire-grate, the glowing fuel is brought into direct contact with the 
cold air, whilst in this arrangement the centre of the combustion is 
fed wdth air that has already been w’armed in passing through the 
upper layers of wood ; all the radiant heat is collected also by these 
upper layers, and while in an ordinary fire the flame has to pass 
through the freshly-added fuel, and is cooled, the contrary is here the 
case, and the combustion is consequently more complete : the whole 
hearth being composed of bricks, which are bad conductors of heat, 
and the velocity of the draught diminishing in the wide chamber i, 
more time is allowed for the perfect combustion of the volatile pro- 
ducts from the fuel. 

The round aperture o, is generally closed with a clay stopper, and 
is employed for stirring the fire ; 6, at the foot of the hearth, serves 
for removing charcoal and ashes when it is necessary. The draught 
is regulated by means of the lid of b'. The aperture or flue is di- 
vided by the tongues, gy gy into three channels, py in order that 
the flame may be more dispersed. D and E are the doors for the 
insertion of the goods. In the arched covering of the space i, 
tw'enty-five apertures, ty ty are left to conduct the flame into the cham- 
ber L'. A single opening in the middle w’ould draw all the flame 
together instead of spreading it. For the same reason, similar open- 
ings, but only half as many, f', f', are made in the roof of jL'. Small 
openings, v, are made in the walls of the chamber £, for observing 
the color of the fire, and for the introduction of small samples or 
watches (montres) into the seggar nearest the hole, in order to judge 
VOL.'II. V 
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of the progress of the firing. These samples are simply fragments 
of biscuit covered with glaze, the appearance of which, ^and the de- 

Fig. 172. 



gree of fusion which they undergo, afford a clue as to the state of the 
porcelain vessels. The back part, y, y, of 
Fig. 173. the tube. Fig. 173, is introduced from the 



outside into the aperture v; this tube is closed 
in front by a plate of glass, to prevent the 
access of air, and is also supplied with an 
iron damper, z, which slides in the frame, A. 
The furnace, which is generally above twenty 
feet in diameter, and twice that height, is 
constructed internally of fire-stone, surrounded 


on the outside with a layer of onlinary bricks. The whole is bound 


together by iron, m, r, w, z, to keep it from falling to pieces, which 
would be the infallible result of the great expansion by heat ; the iron 
girders are connected together by elastic hooks, to prevent them from 


bursting. 

Fig. 174 represents a vertical section of the porcelain-kiln, as 
charged at the manufactory of Sevres. The piling of the seggars 
one upon another is here shown; some of them are seen in profile, as 
at 2, 2'; others in section, to show the ordinary contents, such as 
plates, in 4^, 5^ arranged on Regnier’s plan; vases, jugs, &c., in 1, 
F, 3'; tubes suspended in 3, and a porcelain slab at P. c, c, are 
partitions which divide the flame at its entrance to the kiln ; o, a, a, 




iSH 

props fot sustaining the seggars; g, g, g, are plates of refractory 
clay, called fire-guards, which prevent the flames and ashes from 
coming into direct contact with the seggars. 


Fig. 174. 



The German furnaces are not materially different ; they are heated 
by five fire-places, and the apertures t and t are not so numerous 
(only 7). These are wider, and furnished with short chimneys, which 
project into the chamber L, 

Double Furnaces , — It might naturally be expected that a considera- 
ble saving would be effected by constructing one furnace above the 
other, or by supplying fire to both floors, and obtaining the greatest 
heat in both. In the fires of the upper floor, fuel would be saved in 
proportion to the amount of heat derived from the lower arch. This 
idea has, in fact, been carried out at Sevres, but the result has not 
answered the expectations of the inventors. 

Porcelain-kilns last much longer than glass-furnaces, not being 
subject to the destructive action of the volatile alkalies. The kilns 

Sevres last, on an average, 300 firings ; in other places, several 
have lasted 30 years, or 1,500 firings. 

A dry foundation, which exerts as little cooling influence as pos- 
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sible, is an important point, the kilns having been found extremely 
susceptible in this particular. 

The Fuel , — The manufacture of porcelain is very much more cir- 
cumscribed with reference to the fuel that can be employed, than any 
other. It will be conceived, from what has been stated above, that 
those kinds of fuel which burn with flame are indispensable, and are 
valuable in proportion to the length and vigor of the flame which 
they afford. A second, no less necessary property of the fuel is, that 
it should discharge as little dust and ash into the kiln as possible, for 
this, after penetrating between the seggars, produces black spots upon 
the glaze. For this latter reason, wood is almost universally em- 
ployed, and it is seldom that, as at Meissen, coal or brown coal can 
be used. 

Amongst the different kinds of wood, preference is given to the 
light varieties, as poplar (at Sevres), pine-wood (in Germany), and 
the wood is .cleft into small billets. By this means, more wood is 
consumed at once, and a larger flame is produced, than is the case 
under the same circumstances by any other process. The wood is 
not artificially dried, but is only dried in the air, in which state it 
retains from 6 to 10 per cent, of moisture. The use of peat has been 
tried at Berlin, but without satisfactory results as regards the quality 
of the goods. 

The insertion in Seggars , — It is quite impossible, as has already 
been stated, to bake the finer kinds of clay-wares, and particularly 
porcelain, freely exposed to the fire; they require to be placed in 
clay boxes or cases, so-called seggarsy in order that the glaze may 
not be injured. These indispensable vessels are of such importance, 
and so materially affect the quality and price of the porcelain, that 
they merit particular notice in this place. 

The seggars, and w^hat pertains to them, must be more difficult of 
fusion and less easily softened than the porcelain vessels w^hich they 
enclose; they must also be capable of expanding by heat without 
breaking or cracking; and be composed of a material that is not 
difficult to form, and is not too hard, that they may be ground after 
burning; and, above all things, they must contain no substances 
that will cause decrepitation in the kiln, so as to cover the porcelain 
vessels with sand or dust, which would inevitably destroy the glaze* 
If, in addition to these requisites, the seggars must possess the amount 
of strength necessary to support the weight of a whole column of 
them, piled up the one upon the other, it will easily be conceived that 
any porcelain-manufactory must be particularly favored in possessing 
in the neighborhood a material suited for these vessels. Their quality, 
as might be anticipated, is very variable in different localities. As a 
general rule, the seggars are constructed of plastic clay, and so-called 
ceme.it. The former imparts the property to them of resisting the 
fire, but shrinks to such a degree of itself, that the seggars would 
crack if cement did not also enter into their composition, a sub8tance» 
which is either totally incapable of shrinking in the fire, like sand, or 
which has already shrunk, as the ground fragments of old seggars* 
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The degree of fineness^ the grain of the cement^ is of importance^ 
and also the temperature at which the shrinking chiefly occurs. 

Composition of the Seggars . — At Sevres the body of which the seg- 
gars are compbsed consists of § plastic clay (sometimes decanted, at 
others a mixture of better and commoner sorts), and | of ground 
fragments of seggars, or the same quantity of a mixture, consisting 
of equal parts of fragments and crushed quartz-sand. At Meissen 
they use | clay to § cement ; at Berlin, § clay to J cement. Whilst 
at Sevres the seggars last 15 firings or more, at Vienna they last but 
4 or 5, and at Berlin, only 2 or 3 firings. At the last locality, the 
loss occasioned by the seggars becoming useless amounts to 30 dol- 
lars = £4: 10s. at each firing; in Meissen, 20 per cent, of the seg- 
gars are lost at each firing. These differences depend solely upon 
the local inequalities of the plastic clay, even from the same deposit, 
and the loss is so much the greater because the bad seggars cannot be 
piled so high in the kiln as the good ones. The seggars have been 
observed to suck up the glaze from the vessels, that is to say, they 
facilitate the volatilization of the potash by exerting a chemical at- 
traction for it, absorbing it on their inner surface and becoming 
glazed; this maybe remedied by expressly glazing the surface of 
the latter. It is of the utmost importance to pay attention to the 
shrinking of the clay vessels on introducing them. In the softened 
state, the latter often become bent when any obstruction prevents 
them from shrinking upiformly, the unevenness of the seggar bottoms 
often renders it necessary to support the pieces by other special means. 

Form of the Seggars . — The form which is given to the seggars is 
a point of still greater importance, because the quantity of goods 
w’hich can be placed in the furnace at once depends upon it, and 
upon the mode of their arrangement; the greater the number of ves- 
sels that can be fired at once, the more the cost of firing will be less- 
ened ; for, in each single piece, the economy in the process is mainly 
dependent upon the mode of packing the furnace, the heat costing 
the same, whether the furnace be entirely or only half filled. Hence 
all the seggars are made in the form of shallow cylinders, except 
when particular cases demand an exception. Originally their bot- 
toms were fl^it and even, and each seggar formed the lid to the one 
placed below it, as is also still the case for smaller vessels, several of 
which can be placed in one seggar (Fig. 175). That these may rest 
upon a perfectly even surface, they are placed upon smaller ground 
plates b b by consisting of the same material as the seggars, and 
which can easily be changed or repaired: the glaze must be care- 
fully removed from those parts of the vessels which rest upon the 
horizontal support, or wherever they come in contact with each other; 
and even in those parts w'hich are free from glaze, but subject to 
soften and adhere in consequence, sand is strewn to prevent such 
from occurring. 

Since the year 1800, the seggars destined to support hollow vessels, 
such as plates, saucers, pans, &c., have been constructed with a 
bent bottom, so that the bottom of each upper seggar projects down- 
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wards into the hollow part of the vessel contained in the seggar below 
it ; space is thus economized, and from 29 to 30 plates can be packed 

in seggars in the same space 
Fig. 175 . as was formerly occupied by 

only 20. At the same time, 
the bottoms of the seggars 
^ c' d c', as shown in Figs. 
175, 177, are open, and are 
filled up by the pieces V V . 
By this means, the material 
of the seggars is better capa- 
ble of withstanding the ac- 
tion of the heat without break- 
® ing. • 

Lastly, a form of seggar 
was introduced at Sevres in 
the year 1839 by Regnier, 
which is still more commo- 
dious. Upon this plan, as 
will be seen in Fig. 176, a plate, for instance, is enclosed in a double 
seggar, an outer and an inner one. In the outer one, the bottom is 
entirely wanting ; it consists of a single ring / /, w’ith projecting ledges 
on the inside, which support the plates and their respective seggars 

# 

Fig. 176. Fig. 177. 




i t, and ss s. Every two seggars i and s, form in this manner one 
close vessel, the sides of which are formed by the perpendicular rim 
of the lower seggar t, the upper one s, having no rim. In each ves- 
sel of this kind one plate is enclosed, and a second plate is supported 
between each pair of seggars. The necessity for the different form 
of the lowest seggar C is obvious. In this manner, from 51 to 52 
plates can be fired in the same space as was occupied upon the old 
plan by only 20, and afterwards by 29 to 30. The economy of space, 
which amounts in the height to about 75 per cent., does not exceed 
45 or 25 per cent., with less flat-shaped vessels ; on the other hand, 
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the cost of firing 100 plates, including all possible items, upon the 
former plan, was 110 frs.« jS 4 8^. ; upon Regnier’s plan, 70 frs. ; and, 
therefore, 36 per cent, less in favor of the latter. Many vessels 
which, on account of their undulated form, are apt to become distorted 
in the fire, require supports to keep them straight. In Fig. 175, for 
instance, the two cups e e, placed one above the other, are separated 
by a ring c, in which a groove is made both at the top and bottom to 
receive the edge of each cup ; the goblet is also furnished with a lid o, 
which does not belong to the vessel itself, and is only employed to 
retain the edge of a circular form ; the rim r, of this lid is conical, so 
that the lid may rise in proportion to the shrinking of the vessel. For 
larger vessels with handles 6, Fig. 178, 
which are burnt in great numbers at once, 
the seggar c c, is furnished with a pro- 
minent part for the support of the handle. 

The success of the firing, all the seg- 
gars being properly arranged and clean- 
ed, can only be attained when all the 
articles in the kiln receive an adequate 
amount of heat ; the proper mean must, 
therefore, be observed between too little 
heat, which would leave them incom- 
pletely burnt, and too much heat, w’hich 
would partially fuse Ihem. The seggars must be safely piled, so as 
not to fall, and the glaze of the vessels properly secured from dust, 
and from the possibility of adhering. It must be remembered that all 
parts of the kiln are not equally hot ; the mode of building the kilns se- 
cures a uniform distribution of the heat, but not an equally intense heat 
everywhere, those parts immediately in front of the stoking-holes being 
very much hotter than such as are situated between them. At different 
heights a different temperature also prevails. Immediately at the bottom, 
the heat is least intense, acquires the greatest intensity about the mid- 
dle, and diminishes again towards the roof. It has already been stated 
that the seggars are piled up in columns, or bungs, one over the 
other, and these columns rest upon a very narrow base as compared 
with their height ; by the contraction and expansion of the separate 
pieces, an alteration in the centre of gravity may sometimes occur, 
sufficient to cause the fall of the whole column, w’hich then of course 
carries wuth it the neighboring columns, and the whole is reduced to 
a mass of fragments. A break-down of this kind is sometimes 
occasioned by the lower seggars, which are, however, purposely made 
stronger, bein^ too weak to support the upper ones, and for this 
reason the height of the columns is proportionally lessened (as in 
Berlin) as the quality of the seggars deteriorates. 

The arrangement or setting up of the seggars in the furnace requires, 
consequently, great experience and every possible precaution. Care 
must betaken to place the massive pieces in the centre of the furnace 
where the heat is greatest, and the thinner, more easily bent articles, 
in less heated parts. Immediately in front of the fire, nothing would 
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withstand the heat, if the seggars'in that position were not protected 
by hollow semi-cylindrical screens, composed of clay (Fig. 174). In 
former times the mass composing the vessels was expressly prepared 
of different characters, and suited to the variable intensities of the 
kiln. The tendency of the seggars to lean and fall, is prevented by 
forcing clay, or something of that kind, between each pair, until the 
plummet indicates the whole pile to possess a perfectly perpendicular 
direction. The several columns are also supported against each 
other by the introduction of pieces of broken seggars. At the same 
time, it must not be overlooked that sufficient space (from 2 to 4 
inches) is left for the flame to pass between the columns, and envelop 
the whole charge. The columns are, consequently, not only arranged 
at certain distances from each other, but also in asymmetrical manner. 
A portion of the ash, carried mechanically with the flame into the 
furnace, is sometimes deposited on the floor, and fusing with the 
low’est seggars, cements them so firmly together, that they can only 
be removed piece by piece. A layer of sand on the floor, however, 
completely prevents this from taking place. Opposite the testing- 
apertures in the walls, are placed the seggars for the reception of the 
watchmen or tests, with corresponding apertures in them. 

Firing . — When the kiln has been charged, the apertures are closed, 
and the firing begins. Tw'o distinct stages are observed in the firing: 
the first is intended to expel the moisture w’hich may still remain in 
the vessels, and gradually raise them to a red heat; the second is that 
requisite for completely baking the w’are. In the mode of heating, 
the two stages are distinct. In the beginning the firemen keep the 
upper aperture of the fire-hearth closed, and the plate V is only re- 
moved for an instant at a time, when fresh wood is thrown upon the 
fire. The draught, therefore, enters through 6, and travels in the 
same direction as in an ordinary fire, and produces a smoky, unclear 
flame. The w^ood is throw’n in irregularly in thick billets, so that 
they cross each other in various directions. When the furnace has 
attained in this manner a cherry-red heat, which is seen through the 
test -holes, the space f'\^ filled up to h' wdth logs laid parallel about 1 
to 1 J inches in thickness, and which are just as long as the hearth is 
broad ; the low^er opening b is then closed. The baking now^ begins; 
the draught is reversed and the heat increased, the smoke disappears 
entirely, and nothing visible escapes from the chimney but a stream 
of hot transparent gases. During the process of baking, the draught 
is so great, that the charcoal is completely consumed, and all the ash 
is carried away by the draught. After the firing, there is not a cubic 
foot of ash and charcoal together, while the mass of wood consumed 
would alone yield 2 cwt. of ashes. The least irregularity in stoking 
is immediately perceptible in the wwking of the fire; the heat of the 
kiln diminishes directly on that side where the fire is badly attended 
to; this is best avoided by making the firemen change places every 
hour. As soon as any one of the fires is out of order, the red-hot 
charcoal is not perfectly consumed, and stops the progress of the 
flames, which consequently beat back. The charcoal must then be 
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brushed away as quickly as possible. New or repaired parts of the 
furnace exert a similar action. It once occurred at Sevres that the 
one-half of a furnace had been newly built, and the ware at the side 
recently built was thoroughly burnt 2 or 3 hours before that on the 
other side. An old furnace always works slower, and the firing takes 
from 5 to 6 hours more than in a new one. In most places, the 
warming occupies half as long as the baking; the former last 7 to 8 
hours; the latter, 11 to 13; sometimes the time is nearly the same; 
at Berlin the warming occupies 12 to 15 hours, and the baking 17 to 
18; or the warming takes the longer time, as is the case at Sevres, 
15 to 18 hours being required for the first operation, and from 10 to 
12 for the second. The temperature on the upper floor amounts to 
about from 30° to 60° Wdgw. ; that of the lower floor, from 130° to 
160° Wdgw. At the base of the latter the heat is less intense* by 
40° Wdgw. 

In Vienna, for every firing about 7 klafters (= about 16 J stacks)t 
of wood are used; in Berlin 700 cubic feet ( = about 10 stacks). In 
Sevres the consumption amounts to 65 steresf (=41^ stacks), as the 
mean of 12 observations in a double furnace with two great or baking 
fires. The consumption amounted at first to 73 steres, and sank at 
the end of 12 months to 52 steres. The mean quantity of porcelain 
baked during that time was 784 kilogr., which with the seggars re- 
quired for encasing it, amounted to 14,000 kilogrammes. The mass 
of the seggars, therefore, amounts to 18 times that of the porcelain. In 
the kiln, as represented in Figs. 170, 171, 1 kilogr. of porcelain costs 
2 frs. (=38 cts.) to burn, and the cost of 1 cubic foot of space in the 
furnace is 1 fr. 1 c. (about 20 cts.) 

As the glaze of porcelain is a true glass, and this also enters into 
the mass, the process described at page 20, must also here be carried 
out ; the porcelain must be annealed, i. e., it must be cooled slowly 


• The instrument intrcnUiced by Wedgwood, and called by him pyrometer^oT measurer 
of heat, is really only an appropriate empirical test for estimating the degree of heat in 
tlie furnace, and is by no means q, proper instrument for the measurement of tempera- 
tures. The contraction of the clay is the principle upon which the measurement is made. 
Small cylinders are exjMDsed to the tire, and by their diminution in diameter, the heat of 
the furnace is estimated. If all kinds of clay diminished equally in bulk by the same 
degree of heat, or even if the same kind of clay always shrunk in proportion to the in- 
crease of the temperature, the indications of the pyrometer would then be comparable 
with each other, and would atford an accurate mode of measuremenL That this, 
however, is not the case, is shown at page 251, and it is purely accidental when two 
cylinders, placed side by side in the furnace, exhibit the same amount of contraction. 
For the jK)iter, however, the instrument always alfords a tiseful approximation, although 
it cannot be used for scientific purposes. It can naturally only be ascertained with little 
certainty and by indirect means, what relation the degree on WVdgwood’s pyrometer 
bears to the degrees of the mercurial thermometer; the zero of W^edgwood, however, 
expreases nearly 580° C. (1,070° F.) and each additional degree (of which there are 
240°) about 72° of Celsius (=130° F.), so that the greatest heat in the baking-furnace 
will be between 11,000° and 12,000° C. (=10,832° and 21,632° F.). None of the 
pyrometers which depend upon the expansion of bodies, or upon their degree of fusi- 
bility in the fire, come up to what is required of tlicm, so that both science and art are 
still in want of a thermometer that shall indicate with accuracy very intense degrees of 
furnace temperature. 

t SiackalOO cubic foot, Hessiiin. t Stere=l cubic metre. 
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in order to prevent it from becoming brittle. No separate kiln is 
employed for this purpose, but after firing, the kiln is simply bricked 
up and left with its contents until it has become sufficiently cool to 
be emptied, and this is generally the case after from 5 to 8 days; it 
is desirable, however, to open it the evening before the porcelain is 
removed. 

On removing the baked utensils from the seggars, the sand which 
may have attached itself to them where they rested on the seggars, is 
ground off by a piece of sandstone, (or soft artificial stone,) which is 
used as a kind of file. A certain portion of the ware is always spoilt 
by bending, and must be thrown aside; in Vienna, for instance, three 
plates out of four only are sound. The perfect goods have also some 
faults which demand attention. Dark points are always visible here 
and there upon the glaze, which arise from minute grains or splinters 
that separate from the seggars, and falling upon the glaze, adhere to 
it. All those parts likewise which have been in contact with the 
supports are deprived of glaze. These parts are dull, void of lustre, 
rough, and can never be kept so clean as the glaze ; this is of less 
consequence on the bottom than on the edges, unless the exact fit of 
a lid has left a rough seam round the latter. It is the ordinary prac- 
tice to glaze those parts subsequently, by means of a brush, and ex- 
pose them again to the furnace, which practice is of course attended 
with all the risk and cost of the first firing. When an easily-fusible 
lead-glaze is burnt upon those parts in a muffle, they by no means 
acquire the high degree of hardness which characterizes porcelain. 
For these reasons, it is now common to apply the grinding-wheel, 
with which the spots are removed, also to the edges, in a manner 
similar to that described for polishing glass. The inequalities are 
first removed with a stone ; the scratches which this leaves are then 
effaced by the grinding- wheel, and the last polish is given wuth tin- 
ashes. This plan admits of more scope in placing the vessels in the 
furnace and in omitting to glaze them at diflTerent parts, and the best 
ground for gilding is thus obtained. 

The color of porcelain is milk-white, without any tinge of blue ; 
the qualities, which accord it the highest rank amongst the clay-wares, 
are the entire absence of porosity, the very intimate connection of the 
glaze with the mass, and the indestructibility of the former under 
the knife or when exposed to changes of temperature. It can only 
possess these properties when the fluidity of the glaze and the com- 
plete baking of the mass occurs at the same moment, and when both 
are nearly equally expansible by heat. The similarity in the nature 
of the flux and of the glaze exerts the greatest influence upon this 
latter quality. 

The shrinking or contraction . — The most important change vvhich 
porcelain, in common with all other pottery, undergoes, is the dimi- 
nution of volume after firing, or the shrinking. This property of con- 
traction alters with the least change in the quality of the body, but is 
precisely the same for the same body, so that the amount which 
occurs can be accurately estimated beforehand. According to ex- 
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periment, the linear contraction (t. e. the shortening in one direction, 
or that which a rod suffers in length) is about 13 per cent, as a mean ; 
it can, however, fall as low as 7 or extend to 17 per cent. The con- 
traction in volume is 39 per cent, in mean. About a fourth of the 
contraction occurs during the first heat, and the remaining three- 
fourths in the great fire ; and, in the case of porcelain at least, there 
are two distinct causes connected 'with the temperature which account 
for it, viz. : the evolution of all the water, and the incipient fusion 
when the mass is thoroughly baked. The amount of contraction is 
for this reason in some measure dependent upon the manner in which 
the mass was formed, upon the amount of moisture which it contains, 
and the degree of pressure to which it has been subjected. Cast 
utensils shrink the most ; those which have been moulded on the 
throwing-wheel, less; those w^hich are pressed in moulds, still less; and 
pressed objects, the least of all. This likewise explains why those 
portions which have been submitted to less pressure, project, after 
firing, beyond those which have been more forcibly pressed. 

Density . — A mass of porcelain must necessarily become specifically 
heavier as its volume is diminished; the specific gravity of the dry 
mass, once heated, has been found = 2.305; after having been tho- 
roughly baked it is = 2.478. This applies to the mass in entire 
pieces, including, therefore, the pores. It is remarkable, however, 
that the contrary is the case when the mass is separated from the 
pores, and the specific gravity is taken in the state of fine pow^der; 
the specific gravity of the mass itself is then found to diminish with 
the increase of temperature to which it has been exposed, and with 
the amount of contraction it has experienced. Thus it has been found 
by; 



G. Rose. 

Malaguti. 

In specimens of 

Specific Gravity. 

Once healed porcelain 

Adhering to the tongue 

2.613 

2.619 

After 3 hours ) in the great 
** 4 hours J fire 

11 

2.589 ) 
2.566 J 

2.440 half baked 

“ 9 hours 

No longer adhesive. 

2.452 

2.242 thoroughly 



baked. 


According to this the cubic foot of really solid substance, weighing 
82 lbs., is reduced to 70 lbs., a circumstance which is accounted for 
in a twofold manner. In the first place, nearly all bodies are render- 
ed specifically lighter by the transition from the crystaline to the 
melted vitreous state, as is the case with the felspar employed in the 
Berlin manufactory, the specific gravity of which is 2.592, and is 
reduced after fusion to 2.384; the kaolin is diminished in the same 
manner from 2.633 to 2.562. The expansion may also be the result 
of a partial chemical reaction of the ingredients, and this is rendered 
still more probable by the specific gravity of the mass not correspond- 
ing with the mean specific gravity of the ingredients. The separate 
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particles of the porcelain are, therefore, permanently expanded during 
baking, but at the same time they are brought into closer proximity 
with each other. The goods that have been once heated are not 
altered in weight by being thoroughly baked in the great fire. The 
contraction of the mass composing the seggars is very much smaller, 
and often imperceptible. 

Chemical Composition, — The analysis of porcelain has led to the 
following results : 


Place of manufacture. 

Silica. 

Alu- 

Potash. 

Protox. 

Mag- 

Lime. 

Analyst. 


mina. 


of iron. 

nesia. 


China, vase - - - 

70.5 

20.7 

6.0 

0.08 

0.01 

0.05 

— 

China, plate - - - 

53.5 

28.5 

5.0 

0.08 

trace 

0.06 

— 

Berlin - - - - 

60.6 

28.0 

3.4 

0.70 

0.6 

0.3 

Laurent. 

Vienna (1800) 

61.5 

31.6 

2.2 

0.80 

1.4 

1.8 

Laurent. 

Meissen . - - 

57.7 1 

36.0 

5.2 

0.80 

traces 

0.3 

Laurent. 

Paris - . - - 

58.0 

34.5 

1 3.0 

— 

1 

J 

i 

4.5 

Laurent & 
Malaguti. 


Porcelain-painting, — Porcelain is certainly best adapted of all the 
clay-wares for ornamenting with pigments and metallic lustres. The 
surface to which these decorations are applied being a true glass, por- 
celain-painting may be viewed as a branch of the art of glass-paint- 
ing, the effect of which, however, is solely calculated for reflected, 
and never for transmitted light. All porcelain pigments are colored 
glasses, which acquire lustre and stability by fusion (or firing). Every 
pigment must therefore consist of a coloring material (generally a 
metallic oxide, those colors which are destroyed by heat being of 
course inapplicable), and the requisite addition for the formation of 
glass, or the flux. 

The metallic combinations below are used as coloring matters, and 
produce the following colors : 

1. Oxide of chromium^ green. 

2. Oxide of iron^ red, brown, violet ; black, gray, sepia, yellow 
tints. 

3. Oxide of uranium, orange yellow, black. 

4. Oxide of manganese, violet; brown, black. 

5. Oxide of cohalt, blue, gray, black. 

6. Oxide of antimony, yellow, different tints. 

7. Oxide of titanium, yellow. 

8. Oxide of copper, green. Suboxide of copper, red. 

9. Sesquioxide of iridium, beautiful black. 

10. Protochromate of iron, brown. 

11. Chromate of lead (and chromate of barytes), yellow. 

12. Chloride of silver, as an addition to carmine and purple. 

13. Purple of Cassius, purple. 

It will be easily conceived that transparent and opaque colors 
(enamels) may be used with similar effect upon a white and almost 
opaque ground, like that of porcelain, and, indeed, both are employed. 
Transparent colors are rendered opaque by means of oxide of tin. 




GILDING PORCELAIN. 


253 


Oxide of zinc^ which imparts no color to glass, is, nevertheless, an 
important addition for enlivening the different tints, a property which 
is peculiar to the oxide of this metal. The sulphur-yellow colors of 
antimony are improved by it. 

It is a well-established law in chemistry that the reactions of bodies 
are very much modified by temperature, and this is the case with the 
compounds above named. 

The property of communicating color to glass is confined within 
certain limits of temperature, beyond which the color varies, or is 
altogether destroyed. A very important classification of the colors is 
founded upon this fact; they are divided into such as will stand the 
most intense heat of the baking-kiln, and can be burnt in with the 
glaze, and such as would afford no color (on account of volatilization), 
or a very imperfect tint, at that high temperature; these latter are the 
muffle colors^ w’hich are always applied and fixed in the miiflSe, after 
the vessels have been glazed. That these easily fluxed colors may 
not run and penetrate into the glaze, the firing must be accomplished 
at a temperature far short of the fusing-poinl of the body or glaze. 
While the muffle colors are painted on the glaze, as it were in relief, 
and can be distinguished as projections by the touch, impairing thus 
the lustre and smoothness of the vessels, the more refractory colors 
do not necessarily alter the level of the glaze, but are applied below 
or with the glaze. This is a great advantage, as the soft inufile colors, 
which always contain lead, are very much more subject to wear away. 
The firing of the refractory colors requires no additional expenditure, 
while the burning in the muffle is a constant source of expense. 

Refractory colors are: blue with cobalt; green with chrome; brown 
with oxide of iron^ oxide of manganese and perchromate of iron ; yellow 
with oxide of titanium ; black with oxide of uranium. It is to be re- 
marked that these refractory pigments generally impart a very intense 
color, so that they can be used in very small quantities, and conse- 
quently exert no liquefying action on the glaze, or on the mass of the 
porcelain. They are either applied to the biscuit-ware, upon or with 
the glaze. The silicate of an alkali is used with them as a flux. 

The muffle colors are applied with a great variety of fluxes, the 
chief of which, however, may be confined to seven, and the consti- 
tuents of these will be seen in the following list: 

Sand or quartz. Saltpetre, 

Felspar, Potash, 

Borax and boracic acid. Soda, 

Minium or litharge. 

Gildings fyc . — Gilding is executed on porcelain in the usual manner, 
the gold being first prepared in a pulverulent form. A solution of 
gold in aqua-regia is precipitated with green vitriol ; the gold thus 
obtained in the state of a brown powder is washed, dried, and then 
mixed with about of oxide of bismuth (basic nitrate), and rubbed 

up with thickened oil of turpentine. The mixture, or the gold color, 
VOL. II. w 
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can then be applied with a brush, and fired in the same manner as 
the other colors* The oxide of bismuth forms a flux with the surface 
of glaze, by means of which the gold is firmly attached. It has a 
yellow and dull appearance on leaving the muffle, and acquires the 
metallic lustre by burnishing with agate. 

Platinum black or platinum sponge can be applied in precisely the 
same manner as metallic gold. 

In Meissen they use a preparation in which the gold is held in 
complete solution in the oil of turpentine; a coating of this solution 
leaves after burning (over a spirit lamp for instance), a bright metallic 
surface upon porcelain, which, however, is less durable than that ob- 
tained in the ordinary manner. The mode of preparation is kept a 
secret in the manufactory.* 

Firing , — The firing of the more fusible colors and the gilded arti- 
cles is executed in the muffle, the arrangement of which is not essen- 
tially different from that described and shown at page 139. As a 
certain amount of heat is essential to the success of the operation, 
pyrometrical tests are applied for ascertaining the necessary tempe- 
rature. A convenient test for this purpose, is afforded by the variations 
of color through which the gold-purple passes when submitted to a 
gradually increasing temperature. In practice, six gradations are 
made standard points by the porcelain-painters, which correspond 
with six degrees of temperature that are of practical importance. A 
fragment of porcelain colored purple with gold, and held in the 
muffle attached to a platinum wire, becomes gradually: 


Of a clirty-brown-red - . - 

Brick-red 

Ditto passing into rose, red on tlje 
edges and thinner parts 
Rose color passing into purple - 
“ passing into violet - 
“ passifig into deep violet - 
Violet becomes lighter - - - 

Rose color has disappeared, and the 
violet is very pale ... 


Corresponding lo 

0^ C. 

(liMing upon fulttrcd ground 


Re-iouching ... 


Eahily fusible rf»lors 

- 1 00(j 

Gilding uf)Oii gla/t* 

- ! 920 

“ upon plaie edges i 


More difliculily fusible > - 

- ! 950 

colors ) 

1 

Dull gilding 

- 1 1000 


Fig. 179 shows the ferm of muffle used in firing painted and 
gilded porcelain. The temperature is regulated very carefully, and 
the w^atches (montres) are covered both with color and gold, the object 
being to give a sufficient temperature to fix the gold without altering 
the tints of the other coloring matters. Painted porcelain is always 
passed two or three times through the muffle, as it is seldom ob- 
tained from the first fire so perfect as not to require retouching. 

In Sevres, a muffle pyrometer is employed, the principle of which 
depends upon the expansion of a silver rod. The table above, with 
approximations to the actual temperatures, was taken from the indi- 


* Compare gilding gloss, p. 144^ 
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cations of this pyrometer. As silver 
melts at 1000° C., the instrument 
cannot be employed up to that tempe- 
rature. 

An ingenious mode of removing the 
faults in the paintings previous to 
re-touching them, has been introduced 
at the same establishment by Willer- 
met. The part is touched with the 
end of a brush previously dipped in 
liquid hydrofluoric acid, and then 
washed with water. The etched part 
appears perfectly white, only slightly 
corroded, and in a very favorable con- 
dition for the reception of fresh color- 
ing matter.* 

Transparencies, — The translucent 
nature of porcelain has been made 
subservient with great success (par- 
ticularly at Meissen), within the last 
few years, to the production of very elegant imitations of paintings 
known as lithophanous (from ueo^y stone ; and (|»atrw, I shine through) 
pictures or transparencies. When a plate of porcelain, which is thicker 
in some parts than in others, is held against the light, the former wiM 
appear darker, or shaded, as compared with the latter. If both are 
arranged with judgment according to a model painting, representa- 
tions of exquisite softness and warmth in the gradations of the tints 
are obtained. The forming and firing, however, are both attended 
with very great difficulty. These transparencies can only be viewed 
by transmitted light; but an attempt has been made to construct some 
for reflected light, upon the following principle: suppose the dark 
parts in a porcelain plate deepened, and the light parts in relief, and 
this plate is now covered with a transparent glass-flux of any color 
wffiich is sufficiently thick to cover the most prominent parts of the 
picture, the deep parts will then naturally appear dark, as they will 
be seen through a thick layer of colored glass, and the prominent 
parts will appear light. 

General Remarks , — It has been previously remarked, that although 
two descriptions of porcelain may yield the same constituents upon 
analysis, and the same per rentage composition, it does not therefore 
follow that they will both possess the same properties. A series of 
observations have been made by Brogniart and Malaguti, with a view 
to elucidate this point, which have elicited the most interesting rela- 
tions with reference to the nature of porcelain, and have also furnished 
important hints connected with its manufacture. Masses were com- 

• TliO most extensive detail coiioerning the preparation of colors, and the methods of 
applying them to porcelain and earthenware, will be found in Brogniart's “Traite des 
Arts C^rarnique.’’ 


Fitr. 179. 
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posed of different suitable materials, which should afford the 
percentage composition as the normal porcelain-mixture adopted dur- 
ing the last 60 years at Sevres, (namely, 58 silica, 34.5 alumina, 4.6 
lime, and 3 potash,) and these were submitted to the different pro- 
cesses of manufacture, in order to study the nature of the result. 

When chemically pure substances were taken, such as: 1. Pre- 
cipitated silica^ in part fritted with the proper quantity of potash. 2. 
Alumina perfectly free from potash, prepared by precipitation from 
alum. 3. Pure lime instead of chalk; the mass melted at the lowest 
degree of heat in the kiln to a spotted enamel. Another specimen of 
the same mixture, only w’ith less frit, shrunk in the warming-oven 18 
per cent., in the great fire 28 per cent. 

When the kaolin was replaced by fire-clay, and the potash was 
added, having been specially fritted with silica, a mass was produced, 
which exhibited, after exposure to the warming fire, the fluxed ap- 
pearance of ordinary stoneware, and when baked in the great fire 
could hardly be called porcelain, on account of its slight degree of 
translucency and spotted nature. 

A better result w»as obtained from a similar mixture of plastic clay, 
in which a proportion of leucite, corresponding to the necessary 
amount of potash, was present; a well glazed porcelain w^as produced, 
but still somewhat spotted. 

On the other hand, no alteration in the properties of the normal 
riass was observed when lime was employed, instead of chalk, or 
when the quartz-sand w'as replaced by flint. It was strikingly proved 
upon the whole, that it is by no means a matter of indifference, of 
what materials or of what minerals the elements of the mass are com- 
posed, even supposing the relative proportions of the latter to remain 
unaltered. 

Hard Porcelain Furnace , — The porcelain furnace represented in 
Figs. 180 and 181, has been proposed by M. Vital Roux, of Noirlac, 
with a view’ to the consumption of coal as fuel in the manufacture of 
hard china, without obliging the manufacturer to reconstruct his en- 
tire kiln. 

The essential difference in this kiln, from the ordinary porcelain- 
kiln show n in Fig. 170, is the insertion of a grate at g, and the air 
is allow'ed access to the fuel, from below through the channel t, as 
well as from above g, which is its only source in the kiln of ordinary 
construction. The number of fire-places is increased from 5 or 6 (the 
number employed with wood), to 8 or 10, according to the size of the 
kiln. M Roux calls his invention “ the kiln with a double draught,” 
He has succeeded perfectly in baking porcelain with coal as fuel. 
The difference in the expense by employing coal instead of wood is 
calculated at from £\6 to £16 10s. for each firing. The w^are is 
said to be better baked in ail parts of the kiln, the seggars and the 
lining of the furnace are less attacked, the draught being very much 
increased, and the ash of the coal containing a very small proportion 
of alkali, compared with that of wood, does not vitrify and destroy 
the clay to such an extent. ^ 
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Fig. 180 is a vertical section of the kiln, in the direction of the 
line C, D. 


Fis. 180. 



Fig. 181 is a plan, the half of which is taken in the direction of 
the line JiB, in the section Fig. 180, and the other half in the direc- 
tion of the line EF. ^ is the lower part of the kiln ; b, the upper 
part called “le globe;” c, the upper chimney; d, the chimney of the 


Fig. 181. 




/ 


/ 




lower part projecting into the globe : e, the door to the lower cham- 
ber; and f, the door of the globe ; g, the opeidngs from the fire place.s 
into the kiln; h. Fig, 181, small apertures for charging the grates 
when the lower part of the fire is obstructed; t, ash-pits and gallery 
for the supply of air. 
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Composition of Hard China . — The following analyses of foreign 
porcelain have been recently made by Mr. Cowper. 

Bt‘rlin. Chinese. 



- 

Superior. 

Inferior. 

Silica - 

- 72.96 

71.04 

68.96 

Alumina and protoxide of iron 

- 24.78 

22.46 

29.24 

Lime 

1.04 

3.82 

1.60 

Alkali 

- 1.22 

2.68 



100.00 

100.00 

99.80 

Specific gravity ----- 

- 2.419 

2.314 

2.314 


2. STONE-WARE.* 


The two varieties of clay-wares which are commonly classed to- 
gether under the above head, differ essentially from each other in the 
nature of their constituents, and, strictly speaking, the fine stone-ware 
and the ordinary are rather two distinct kinds of ware, than species 
of the same kind. There exist, moreover, such numerous intermediate 
varieties between the two, that it is hardly possible to make a clear 
distinction betw^een them. 

Material , — The chief raw materials for stone-ware are the layers of 
pipe-clay and plastic clay which lie above the chalk, and are particu- 
larly abundant in the coal formations; or at least deposits of clay, 
which agree with these in composition and character, although other 
circumstances tend to class them with potter’s-clay. Judging from 
their behavior towards reagents, the plastic clays, like the varieties 
of kaolin, must be viewed as definite combinations of silica and alu- 
mina (probably 2 Al 203 , 3 Si 03 ) with water of hydration, which have 
been contaminated in a variety of >vayswith other mineral substances 
by mechanical agency. A characteristic trait must, however, be 
noticed, that those mixtures of bases which tend to produce easy fusi- 
bility, enter very slightly into their composition, so that the plastic 
clays in the extreme case are only softened in the furnace, but for the 
greater part are infusible. The analyses cited at page 206, as well 
as the numerous investigations carried on at Sevres, show that these 
clays contain from 1 to 4 per cent, of oxide of iron, from 0.5 to 2 per 
cent, of lime, not quite so much magnesia, and from 0.5 to 1 per cent, 
of potash, although these ingredients are not necessarily all present 
at once. Their color is generally white, whitish, often gray, passing 
into greenish, rose-colored, or violet, and in some cases bluish-black 
or black; it is not unusual to find veins of different colors. At a tem- 
perature of 100° C., a portion only of the water which they contain 


* The ordinary appellations in commerce of the diiferent kinds of pottery, are so mijcetl 
up the one with the other, so misapplied and indefinite, that it is impossible to give a 
scientific definition of them. Thus, the reader is requested to observe, that the term 
itone-ware is frequently given to two very different substances; the latter of which will 
be described under the title of fine earthentoare. 
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(the hygroscopic water) is expelled; the other portion, which is in 
chemical combination, and amounts to 6.12 or 18 per cent., can only 
be expelled at higher temperatures, and completely, at a red heat, at 
which temperature the clay burns, i. e., loses its plasticity. It is well 
known that a chemical action occurs at that temperature, the result 
of which is, that the alumina is rendered much more soluble in acids 
than w^as the case with fresh clay. Thus a specimen of fresh clay 
only parted with 23.4 per cent, of alumina to sulphuric acid; when 
burnt it lost 44.3 per cent. 

The plastic clays in their natural state are pretty free from coarser 
ingredients and undecomposed fragments of rock, but they contain 
sand and finely divided silica in very different proportions, whence 
arises the great discrepancy in the results of the analyses. At Sevres, 
where 30 varieties w^ere examined, the per centage amount of silica 
was found to vary between 42 and 70, of alumina between 20 and 
40, of combined water between 6 and 19, the remainder being oxide 
of iron, lime, &c. The color of plastic clay, after having been burnt, 
is white, or reddish from the presence of oxide of iron, the other 
colors, due to organic substances, being destroyed in the fire. 


a. FINE STONE-WARE. 

The production of fine stone-w^are (dry-bodies) is a branch of the 
potter’s art most extensively cultivated, and in greatest perfection in 
England; in the neighborhood of London the art appears to have been 
introduced from Holland; the ware known as Wedgwood-ware, on the 
contrary, which belongs to this class of clay-wares, was the discovery 
of the celebrated individual of that name, who founded the extensive 
potteries in the county of Staffordshire, known in England as The 
Potteries,’^ 

It is manufactured in great quantity in the most various forms, and 
attempts w^ere speedily made to imitate it in France (Saargemiindt), 
and Germany (Pirna, on the Elbe). Before the discovery of porce- 
lain, however, Bdtticher had already produced a kind of red stone- 
ware (compare page 212). 

The ware, which is called stone-w’are in England, is composed of 
plastic clay, and a flux (a felspathic mineral). The former acquires 
considerable hardness by burning, but w ould be very fragile of itself, 
as it shrinks very much, and is only obtained in the state of semi- 
fusion, which is characteristic of this ware, by an intense and long- 
continued heat, which is of course very costly. The addition of flux 
facilitates this, and acts precisely in the same manner as with hard 
porcelain; and, indeed, the absence of translucency is the chief ex- 
ternal difference between this kind of ware and real porcelain. 

• In the course of time, miiny manufacturers, even on the Continent of Europe, gave 
the appellation of Wedgwood to their wares, although these were of quite different octn* 
position from the genuine article, so that tlie denomination is no longer to be depended 
upon in commerce. 
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Miitiure . — The mass is usually composed in England of kaolin, 
plastic clay and Cornish stone (as flux), but there are no exact state- 
ments as to the respective quantities. Sometimes the kaolin, at others 
the plastic clay, is preponderant in the mixture, but the flux always 
amounts to nearly the half of the w^eight of the mass, and is therefore 
present in much larger proportion than in porcelain. This accounts 
for the stoneware being completely melted in the porcelain-furnace, 
OF what amounts to the same thing, the heat required (or baking this 
kind of ware is very much less intense than that required for porce- 
lain. It does not follow from this that the mass is less plastic than 
porcelain-paste; it possesses, on the contrary, the property of plas- 
ticity in a very much higher degree, and the plastic clay will bear 
mixture, in consequence, with a much larger proportion of a poor 
flux, such as felspar, than kaolin. All these points considered col- 
lectively, show that stone-ware is a kind of substitute for porcelain, 
cheaper in consequence of^he greater facility with which it is formed 
and fired, and having, in common with the latter, the property of re- 
sisting the permeation of liquids, but without a similar purity of color 
and transliicency. 

Preparation of the mass , — The separate ingredients are ground and 
mixed with the greatest care, the plasticity being increased by a high 
state of division. The methods of manufacture, and the apparatus 
employed are precisely similar to those which are described below, 
under fine earthenware; this applies to the forming and firing, which 
can here be passed over, those points being noticed only in which the 
manipulation is different,, yjie form is given upon the wheel and by 
turning, when the shape Vgg vessels admits of it. Vessels of irre- 
gular form are pressed inV^^jer moulds, as are also the ornamental 
parts, and the bas-reliefs, ^g are so frequently executed with this 
kind of ware; these are fix«> ^ ^^thp vessels with much less difficulty 
than is the case with porc^^ ^.e mass being of so much more 

binding a character. Uara 

Ibese ornaments in relief impression from a 

seal, by pressure with a conca*},gj^‘)Sum mould; the excess of clay 
is removed with a wire, and <he\jy gpsoftly pressed with a wet sponge 
against the moist side of the 'Yanai lo receive it. The 

greater portion of stone-ware is cL^riel 

coloring metallic oxides must not\ pj-^pplied in such quantity as to 
impart easy fusibility, and endangXi the stability of the ware in the 
kiln; and none of those must be used whose weak coloring power 
requires that they should be used in large quantity. A pale green 
mass is obtained by the addition of dark green with of 

oxide of chromium. A blue color is obtained by jg, parts of oxide 
of cobalt, and with less for pale tints. Plastic clay yields a brown 
color when J of calcined ochre* with about 8 per cent, of peroxide of 
manganese are substituted for the ordinary flux. A greater addition 
of both aflbrds an iron-black mass. The masses intended for coloring 

A miztare of clay wiih hyclrateU oxide of iron, tlie latter being i to J of the entire 
weight. 
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are generally prepared in a different manner from the ordinary ware* 
In many eases, particularly for bine ware, the mass of the substance 
is white, and only covered on the surface with a thin-colored coating. 
As the shrinking properties of the clay are not essentially altered by 
the addition of small quantities of coloring metallic oxides, an op* 
portunity is thus afforded for applying very elegant ornaments when 
bas-reliefs are fixed upon a colored ground. The numerous imitations 
in England of the celebrated Portland vase, white figures upon blue 
ground, belong to this section. 

Glaze . — The largest proportion of the fine stone- ware is not glazed; 
sometimes a glaze is produced, as it were, spontaneously, which is 
the case with some colored mixtures. In these cases, the colored 
surface appears less rough and more shining when removed from the 
furnace, than those parts which are not colored, and the contrast wdth 
the dull ground gives the appearance of a thin glaze. When the 
vessels are purposely glazed, this may be done in different ways. 

In the first place, by a kind of cementation, which is called smear^ 
ing. The inner surface of the seggars is covered with a glaze com- 
posed of 67 parts common salt, 28 parts potashes, and 5 parts oxide 
of lead. During the firing, a portion of the alkali and oxide of lead 
is volatilized and sucked in by the surface of the vessels, forming a 
thin layer of glaze. Both the surfaces containing silica endeavor to 
appropriate a fair proportion of the vitrifiable bases. In other cases, 
a glaze containing a large quantity of lead or of borax, is applied by 
the process of dipping, as has been described under porcelain; it is 
either applied to both or only to one surface of the vessels. By mix- 
ing pigments w ith the glaze, colors may be communicated to the mass 
which could not otherwise be produced ; this is the case with yellow. 

All the wares belonging to this class are fired in seggars, often at 
the same time wdth earthenware, in the ' otter parts of the furnace, or 
in furnaces that are in no respect diffei from those employed for 
earthenware.* 

Utzschneider^s Ware . — In Utzschneide*^ manufactory at Saarge- 
miindt, besides the ordinary stone-ware, an^ 5 ^vention of the proprietor 
has been made during the last few years, w ^iicti has several peculiari- 
ties. This is a mass composed of three varieiies of clay, which are 
partly ferruginous and occur on the spot, with quartz, and whi^ pro- 
duce together a w’are exhibiting the most striking resemblance 
phyry or jasper; this is made into vases, the feet of columns, and 
similar ornamental objects. The body requires the same precautions 
in grinding, forming, firing, &c., as the fine variety of stone-ware. 
It is, however, not glazed, but ground, after firing, with emery, and 
polished with tripoly. The great contraction experienced by this 
body is remarkable; it amounts to not less than 20 per cent. 

Varnished Ware . — It has already been stated that Pirna on the Elbe 
was one of the chief localities for the manufacture of fine stone-ware, 
and the productions of this place are of quite a peculiar kind, and 

• For further particulars concerning this kind of ware, $tt Appendix. 
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stand alone amongst other kinds of pottery ; they have latterly en- 
joyed a very extensive sale. They consist of vessels colored in the 
body, and excel in the rare perfection and great taste displayed in the 
selection of their forms, which are chiefly imitations of the antique. 
The chrome-green and black masses are without glaze, and dull; the 
bad colored, ochre-yellow mass of other varieties is masked by a coat- 
ing of often very brilliant colors, which, how^ever, can easily be dis- 
tinguished from potter’s pigments. The soft nature of this coating, 
its fatty lustre, and destructibility in the fire, which chars it, clearly 
show that the color is here produced by oil paint. It is particularly 
obvious wdth the vessels that have the color of vermilion ; these re- 
semble fine sealing-wax. The paint is laid on with great care and 
very uniformly, without impairing the outlines of the ornaments in 
relief, and is covered with a thin layer of copal varnish. It perfectly 
withstands scouring with hot water, but vessels of this kind ca^inot be 
used over the fire, or with a knife and fork. Although there may be 
some exceptions, it may be laid dowm as a general rule, that fine 
stone-ware, either with or without glaze, cannot well withstand heat 
or sudden changes of temperature without cracking, as is also the 
case with the following kind of wrare. 

4. ORDINARY STONE-W ARE. 

Both kinds of stone-w^are are consequently w^anting in a property 
w’hich renders porcelain so very valuable. The degree of contraction 
in this ordinary ware is about the same as in the finer variety, i, e. 8 
to 10 per cent. One of the principal characters of this ware is the 
semi-fused state of the mass, which is not a result of the flux that 
has been added, but of a much stronger heat in the furnace. The 
composition is much simpler, only one addition being made to the 
plastic clay; and this not shrinking in the furnace, prevents the clay 
from contracting to any very injurious extent. Most of the plastic 
clays possess this property of contraction in such a high degree, that 
all objects formed from them without this addition, and which are 
tolerably thick in the sides, infallibly crack in the furnace. Com- 
parative experiments, instituted at Sevres, are well calculated to 
show the action of such additions. 

The plastic clay of Dreux, mixed 


Wiih 

Contracts j 

j 

With 

Contracts 

10 per cent, coarse cement* I 

1 5 per cent. 

10 per cent, (ground) sand 


25 

t. u 

5 “ “ 

from Aumont 

17 per cent. 

10 “ 

(entire) sand 


25 “ 

15 “ 


from Aunnont 

18 “ “ 

50 “ « « 1 

12 “ 

25 “ 

It u 

15 “ “ 

No addition in nnt. state 

10 to 1 1 per 

50 

a it 

9 “ « 

“ purified by 

cent. 



i 

BUB{>en8ion in water 

17 per cent 


* Ground fragments of stone-ware. 
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From the last two facts, it appears that the plastic clay under ex- 
amination contained in the natural state an admixture of some sub- 
stance that diminished its power of shrinking (sand or fine silica), 
and which was removed by decanting it from water with an increase 
of the contractile power. The natural state of the clay must conse- 
quently determine the amount of sand or cement that is requisite to 
be mixed with it. It is a common practice in the potteries, and one 
of no small importance, to combine a mixture of several kinds of 
clay (independent of cement or sand) in such a manner as experiment 
has shown wdll afford the best result in the fire, both as regards its 
refractory nature, color, amount of contraction, &c. Other additions 
than those named, such as alkali or ferruginous matters, are not prac- 
ticable, as the mass would then lose its stability in the furnace. 

In most cases, where vessels for daily use, as vStone jars for pre- 
serves or pickles, milk pans, mineral water bottles, &c., are required, 
it would be too costly to decant the clay from water. To remove the 
coarser impurities, stones, &c., however, which W’ould interfere with 
the forming of the vessels, the clay is repeatedly kneaded and w’ell 
trodden together, to render it as homogeneous as possible, and all the 
larger lumps are separated. In this operation the hands and feet are 
frequently replaced by the clay-machine, which will be described 
below. The most simple auxiliary in working up the clay, not only 
for stone-w’are, but for all kinds of pottery, is a wire. The clay is 
cut into thin slices from a large beaten mass, and these are again 
rolled together and well kneaded. It is obvious that in this operation, 
the lumps and stones must sooner or later come in contact with the 
wire, and the thinner the slices are cut the more frequently this must 
happen. 

Forming . — As the utensils of stone-w'are must never exceed a 
certain moderate price, they are generally made in the simplest form^, 
and these are such as are circular in section, and can be formed upon 
the potter’s-wheel. The arrangement 'and mode of operation of this 
instrument have been already described at p. 226 , but there are certain 
peculiarities in this particular branch of the manufacture, occasioned 
by the large dimensions of the vessels that are to be moulded. The 
ordinary machine, Fig. 182 , admits of a larger disc or plate being 
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used, and a more per^stent rotatory motion is combined with the 
^eatest possible facility of revolution. The cast-iron motive balanc- 
ing wheel R jR, is connected below the rings cc', which bind the 
massive hollow axis Ji A together, by means of the double spokes 
ss', ss'. The nave n is furnished above with an iron cup a, and 
below with the conical iron shoe b. The steel pin z works in the 
former, whilst the iron mouth m, in the axis of the wheel, is supfwrted 
on the latter; these two points are, therefore, the points of rotation of 
the wheel, which is thus suspended after the fashion of a ship’s com- 
pass, and is moved with the least possible amount of friction. The 
disc or plate S is nailed to the axis of the w’heel, and the whole is 
depressed for the greater convenience of the workman, who sits on 
the bench g. The disc is set in rotatory motion by an impulse given 
with a long pointed rod, and this generally lasts long enough to 
allow the w’orkman sufficient time for one operation. The high degree 
of plasticity of the mass is a great assistance in this operation, so that 
the help of an assistant to turn the wheel, is only required under 
peculiar circumstances of great resistance. 

The throwing-machine or potter’s- wheel generally used in England, 
is shown in Fig. 183, and consists of a fixed table c, with an upright 
revolving shaft a, 6; at a the disc is fastened, upon which the mass 
of prepared clay D, issmoulded by the hands; d is a pulley with 


Fig. 183. 



grooves of different diameters fixed upon the shaft, which receives 
the driving-cord from the oblong guide-pulley the whole being set 
in motion by the fly-wheel c, which is turned by a winch-handle r. 
In large works, these machines are all turned by one steam-engine, 
the velocities being regulated by the driving-belts passing over conical 
drums: k is the seat of (he workman, and e the foot-board; h is the 
instrument for adjusting the height of the vessels by means of the slide- 
nut i* 

Wide bulging vessels, of small or moderate dimensions, are first 


* This macliine is sometimes replaced, in the Lambeth potteries^ by a large disc, set 
in motion in the same manner by a cord, and connected with an upright wheel at riglit 
angles to the disc, turned by a boy. 
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made in the form of a hollow cylinder, of the proper height and width, 
and the contracted parts are then produced by pressing against the 
revolving clay. Larger vessels, of similar form, are generally put 
together from two halves turned expressly. Handles, &c. are made 
by hand, and simply pressed on to the mass. 

Burning , — Upright kilns, such as are used for porcelain, fine stone 
and earthenware must be of a certain height, in order to economize 
fuel. ‘ As a consequence of this, the vessels are piled up in columns, 
or bungs, which are so high, that without seggars or some similar 
supports, the lower vessels would be crushed by the weight of those 
above them. Supports, however, of this kind, require too much space 
in the furnace, and too much labor in their construction, to admit of 
their being used for ordinary stone-ware. For this reason horizontal 
kilns, or furnaces, in which the draught has a direction more or less 
parallel with the floor, are used for this kind of ware. 

' It is only in kilns of this kind that the utensils can be placed along- 
side of each other, instead of being piled to such a height as places 
the low’er supporting vessels in danger of being crushed. The heat 
of the furnace is, however, very unequally disseminated when the 
draught passes in this direction. All common stone-Avare is exposed 
directly to the flame, and as there is no fine surface to be preserved 
from dirt or scratches, the use of seggars is utinecessary. 

The kilns are generally somewhat roughly constructed; Fig. 184 


Fig. 184. 



represents a section of one of the better kinds in longitudinal perspec- 
tive, as used at Duingen and Briininghausen, in Hanover. is the 
baking-kiln, J3the hearth, constructed for coal, and which is separated 
from the ash-pit C, by the grate r. . ? and B are arched over con- 
jointly by an elliptical dome. The draught is regulated through the 
aperture g, by means of a closing plate ; it passes through the grate r, 
to the coal, wherever the long flame traverses the apertures i i, in the 
w’all m m, to the baking-kiln. Here the vessels are fired, and the 
flame passes out through the apertures in the second wall n n, into 
the flue 0 , which answers the purpose of a chimney. The fire is fed 
through the stoking-hole e ; doors in the back wall, and in n n, serve 
YOL. II. X 
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for the introduction and removal of the goods, but they arc bricked, 
up during the firing. 

Fig. 185 will give an idea of the kind of kiln which is commonly 


Fig. 187. 


Fig. 1S5. 


Fig. 186. 



used with wood fuel. The sole of the kiln is slanting, that the heat 
may thoroughly permeate to the bottom, where it is more difficult to 
burn the goods thoroughly. The wall ff, with the stoking-holes. Fig. 
186, the w’all h (which divides the baking-kiln into a hinder part 
and a front kiln Fig. 187, as well as the side walls, are all con- 
structed of brick-work; the back wall c, on the contrary, the arch r r, 
and the partition rf, of the fire-place, are constructed of pots made 
expressly for this purpose. These are particularly applicable for 
building the arch, as they combine great lightness with considerable 
stability. The crevices in the arch between the pots are filled up; 
at c and d, on the contrary, they are left open for the flame to pass 
through. When a pot of this kind is equally pressed from all sides, 
it offers resistance upon tfie same principle as an arch does upon a 
large scale. In the hinder kiln jB, the heat is not sufficiently intense 
to fire stone-ware; it is consequently used for common pottery. The 
intermediate wall 6, is pierced at different places, and is useful in 
keeping back the ware, which, from the slanting direction of the sole, 
would otherwise be apt to fall forward. 

The warming, or preliminary fire, is continued for five days in this 
furnace, which is 50 or 60 feet long, and the baking heat three days; 
the consumption of wood, however, is comparatively greater during 
the latter period. 

The heat often attains 120^ Wedgwood, at least in that part of the 
furnace w^here the stone-ware is placed, this ware requiring the most 
intense heat, after porcelain, of any kind of pottery. When the back- 
wall c, has acquired a red heat, the fire is discontinued, and the kiln 
allowed to cool. 

Glaze , — No glaze is properly required for stone-ware, as it is suf- 
ficiently dense and vitreous to be impermeable. The somewhat dull 
surface is, however, made smooth and shining, in consequence of the 
cheap and simple means by which this can be efTected. Any conve- 
nient mineral mass is chosen, of the proper composition, w^bich will 
fuse at the temperature of the baking-kiln. Natural glaze, or the 
waste from other branches of the manufacture, is ground and sprinkled 
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or sifted over the moist ware, on which it forms a thin layer, and is 
then burnt on. Rocks of volcanic origin, lavas, and particularly iron- 
slag, may be used for this purpose. Berthier found a specimen used 
in France to consist in 100 parts of: 56 silica, 7 alumina, 21 lime, 
1 magnesia, 12 oxide of iron, 3 oxide of manganese — a composition 
which very nearly corresponds with the formula: Si 03 ,M 04 - 3 Si 03 , 
MjOg, in which M is equal to 1 equiv. of metal. The easy fusibility 
of the substance is explained by the large proportion of the oxides of 
iron and manganese which it contains. Glaze of this description is 
much less frequently used than the very simple and old-fashioned 
salt-glaze. The process of glazing with salt consists in throwing the 
salt into the kiln, towards the end of the firing, through particular 
apertures. It is not necessary that it should be pure; old salt that 
has been used for preserving, answers the purpose equally well ; the 
process must, however, always be repeated a second time. The vola- 
tile salt is converted into vapor at the temperature of the kiln, which 
verj* much exceeds a red heat, and this immediately fills the whole 
interior of the kiln, and consequently completely surrounds the vessels, 
so that a reaction can take place with the silica of the mass. The 
two substances (silica and common salt) only act upon each other in 
the presence of aqueous vapor; this, how^ever, is always present in 
the flame of the furnace. The oxygen of the water produces soda 
with the sodium of the common salt, while the hydrogen combines 
with the chlorine, and is evolved as muriatic acid: NaCI + HO=NaO 
-f HCl; the soda then enters into combination with the silica. The 
glaze thus produced is consequently a soda-glass, and exists as a very 
thin coating upon the vessels. Leykauf has observed, that the clays 
which contain more than 50 per cent, of silica decompose salt with 
so much the more ease the more silica they contain; whilst those 
which contain less than that amount are without action. A brown 
color is communicated to the glaze by throwing substances into the 
fire during the glazing process which afford a large volume of smoke, 
for instance, the bark of the birch tree. It sometimes happens that 
the ware becomes covered with salt, a part of which then appears as 
an efflorescence. 

Ordinary stone-ware varies in color from gray to bluish-gray, yel- 
lowish-red, sometimes brownish-red or brown ; it is, however, seldom 
so light colored as to be termed white. It is not generally ornament- 
ed, with the exception of stripes and rough paintings in zaffre (Cobalt, 
compare page 121), the outlines of which are traced with a graver 
or sharp knife. 

In Germany , — In the latter half of the 16th and at the beginning 
of the 17th century, common stone-w’are w’as as much prized as an 
article of luxury in Germany as porcelain is at the present time. The 
perfection of the vessels made during that period, the taste and ele- 
gance of the forms, the ornaments in relief, and the whole style of 
the articles, afford an interesting proof of the high state of German 
art during that period, and of its extensive diffusion amongst the 
mass of the people. There are at present extensive potteries, where 



s^e*ware is manufactured, at Bunzlaii, in Silesia, and in the 
l^rhood of Vallendar, on the right bank of the Rhine, opposite ^b- 
lentz. In the former locality, the utensils are colored brown by a 
coating of marly clay, which is applied by dipping, after the manner 
of glaze. The glaze sometimes contains lead, as is the case with 
common earthenware. At Coblentz, two kinds of clay are worked, 
a blue clay for gray ware, and a yellow clay for red. 

In England.— The manufacture of stone-ware in moulds has been 
brought to great perfection in England, particularly the production of 
vessels for chemical purposes; the smaller vessels for chemical labora- 
tories (basins, retorts, &c.) are remarkable for being thin, light, and 
w'ell formed; the larger vessels for chemical "works (acid bottles, 
Woiilfs bottles, &c.), for their large dimensions. Vessels are con- 
structed to contain from 100 to 300 gallons; their cost, however, may 
amount to as much as ^£20. All these vessels are of an agreeable 
brown color, which is produced by dipping them in water containing 
oxide of iron in suspension, and are glazed with salt. The clay is 
brought from Dorsetshire and Devonshire, and is mixed, according to 
circumstances, with sand, flint, or cement, or worked up by itself, 
after having stood for a length of time. Heavy and larger pieces are 
made much thicker than they are intended to be at last, and are turned 
down to the proper consistence after having been dried in the air. 
They are fired in upright furnaces, similar to those in use for porcelain, 
which, in consequence of the high price obtained for the vessels, call 
be employed in this country. The ware is arranged in the furnace 
between slabs upon supports, as will be described under earthenware. 

The following account of the manufacture of stone-ware, is from Mr. 
Singer, of the Vauxhall Potteries. 

There are three kinds of stone-ware made in England at the present 
time, viz. : 

1st. Common salt^glazed stone^warey made principally in Lambeth, 
Belper, Nottingham, and Glasgow, but also in many other places. 

Common glazed stone-ware^ coated inside and out with a trans- 
parent glass glaze, not produced by salt, and which is made princi- 
pally at Bristol and Chesterfield, 

3d. Fine compact stone-ware made in the Staffordshire potteries, 
which is ruostly covered with a smear or flown glaze outside, and a 
transparent lead glaze on the inside. The first is the original stone- 
ware, and is still the most extensively manufactured of the three. 

The following is the method of manufacture, as carried on in Lambeth : 

The clay is brought by sea from Teignmoiith, in Devonshire, and 
also from Poole and Wareham, in Dorsetshire. It is cut out of the 
pits in square lumps of about 40 lbs. each. The Devonshire clay is 
used for the smaller kinds of waVe, such as ink-bottles, ginger-beer 
and porter bottles, tc., without any admixture w^hatever, and is, of 
all the clays in use, that which bakes of the best color in a salt-glaze 
kiln. The Dorset clays, of which there are a great many varieties, 
are used for the lai^r kin<^ of ware, chemical apparatus, &c. ; they 
mostly become of a much darker color after baking, in consequetic^ 
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of the larger amount of iron which they contain. Naturally containing 
very little sand, they cannot well be used without an addition of about 
4th of sand, or broken stone- ware, ground up and passed through a 16 
or 18 hole sieve. 

The clay is not washed and boiled, as in Staffordshire, as such a 
process would be too expensive, besides whirh, the clay would be 
rendered more liable to shrink and crack in baking. 

The balls of clay are simply dried, broken or scraped to remove any 
loose dirt adhering to them, and ground to a coarse powder, either under 
a pair of edge-runners, or a kind of bark mill. When chemical or 
large common ware is to be made, the proper number of balls of clay 
to compose the mixture are ground up together, and the sand or 
ground pottery is added afterwards. 1‘here are several nmdes prac- 
ticed for mixing this clay-dust with water; it is either put into large 
tubs, with a certain quantity of water, and the proper amount of sand, 
&.C., and then passed through the pug, or mixing mill; or it is mixed 
up on a stone floor like mortar, and allowed to remain in a heap for 
several days, and then put through the pug-mill ; or a mill is used to 
mix the dry clay and water, and pug or grind it at the same time. 
The method is of little consequence, the only object being to mix the 
clay and water thoroughly together. After being ground, the clay is 
allowed to remain as long as 
is convenient in a damp cel- 
lar before being used, which 
greatly improves its quality. 

All small round articles are 
made on a string-wheel, pre- 
cisely like those used in Staf- 
fordshire. Larger articles are 
generally made on a wheel 
driven by a pair of mitre-tooth- 
ed wheels, or by a strap from 
a shaft driven by the steam- 
engine. 

Moulds of plaster of Paris 
are used for oval, square, or 
any irregular-shaped vessels, 
precisely as has been described 
under earthenware. 

Kilns . — The kilns for salt- 
glazed stone-w^are shown in 
Fig. 188, are usually about 10 
feet in diameter in the firing 
chamber and 11 feet high to 
the centre of the crow n ; they 
have 5 fire-places, each 12 
inches wide and 3 feet long, 
with 5 or 6 fire-bars C, and 
ash-pit D. There is a bag or 
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ebimney-flue F, about 5 feet high, opposite each fire. These bags 
are either made with half-circular thick tiles, pierced with holes about 
two inches in diameter, or of fire-bricks, with small spaces betw^een 
the bricks for the fire to escape through. The use of these bags or 
flues is to disperse the flame in the kiln, and also to render it more in- 
tense. There are no flues under the floor of the kiln as in Stafford- 
shire. B is the aperture, bricked up during firing, for packing the 
kilns, and F is the chimney. Small articles are placed at the bottom 
part of the kiln, in square cells, made by stout tiles placed upright, 
and others laid horizontally on the top of them. These cells or 
boxes usually extend to one-half the height of the kiln. The whole 
of the upper half of the kiln is filled with large ware, which requires 
no support, the low’er vessels being sufficiently stout and strong to 
bear those placed upon them. Previous to being placed in the kiln, 
most of the goods are glazed inside with a mixture of ground glass 
and clay, and some of them have the upper part dipped into a mix- 
ture of red ochre or calcined copperas and clay, which gives a red 
brown tint when burnt. There are 20 or more small holes C, in 
the crown of the kiln, through which the salt is introduced when the 
fire is considered sufficiently intense. (The action of the salt has 
been before described). Great care and experience are required in 
the management of the fire. If too little air is admitted to consume the 
smoke and gas perfectly, the ware will be discolored ; and if too much 
air is allowed to enter with the fire, it wdll not be sufficiently intense 
to liquefy the glaze and vitrify the clay. 

With a view to ascertain the relative values of plastic clay for the 
manufacture of fine and common stone-ware, M. Salvetat has sub- 
mitted several of these productions, of known good quality, to chemi- 
cal analysis, taking the nature of the glaze with which they vrere 
coated into calculation. Five specimens without glaze, and five with 
different glazes were submitted to analysis with the following results: 


GLAZED STONE- WARE, (gRES CERAMES.) 


Substances. 



Vauxhali. 

Helsiiig- 

borg. 

Free hen. 

Voisin- 

lieu. 

Saint- 

Amand. 






I. 

11. 

ill. 

IV. 

V. 

Silica - 

- 

- 



74 00 

74.00 

04 01 

74.30 

75.00 

Alumina 

- 




27.04 

10.00 

24.50 

19 50 

22.10 

Oxide of iron 

- 




2.00 

425 

8.50 

3.90 

1.00 

Lime - 

- 




0 00 

0.02 

0.50 

0.50 

025 

Magnesia - 

- 




0.17 

traces. 

0.92 

0.80 

traces. 

Alkali 

- 




1.00 

1.30 

1.42 

0.50 

0.84 

Jjosb - 

- 




0.13 

0.23 

0.09 

0.50 

0.81 






100.00 

100.00 

100.00 1 

100.00 

100.00 


I. Fine whitish body, well moulded, with a porous external surface, 
salt glazed. 

II. Coarse grayish body, ill moulded, glazed with salt. 

III. Dark brown body, fine, well moulded, covered with an earthy 
glaze. • 
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IV. ThemanufactureofM. Ziegler, fine whitish body, well moulded, 
salt glaze. 

V. Common body, earthy glaze; formerly analyzed with the same 
results by M. Berthier. 


UNGLAZED STONE-WARE. 


Substances. 

Savei- 

giiies. 

China. ' 

Japan. 

1 

Baltimore | 

Wedg. 

wood. 







VI. 

VII. 1 

VIII. 

IX. 

X. 

Silica - 

. 




- 

65.80 

62.00 

62.04 

67.40 

66.49 

Alumina 

. 





27.64 

22 00 

20.30 

29.00 

26.00 

Oxide of 

iron 





4.25 

14.00 i 

15.58 

2.00 

6.12 

Lime - 

. 





1.12 

0.50 

l.OS 

0.60 

1.04 

Magnesia 

- 





0 64 

traces. ' 

traces. 

0.00 1 

0.15 

Alkali . 

- 





0.24 

1.00 i 

traces. 

0.60 i 

0.20 

Loss • 

- 




- 

0.31 

0.50 

1.00 

0.40 

0.00 







100.00 

j 100.00 ‘ 

100.00 

1 100.00 

i 100.00 


VI. Clear brown body, coarse, very sonorous. 

VII. Very fine body, well moulded, of a deep brown-red color. 

VIII. Body of the same quality as that from China. 

IX. Very fine whitish body. 

X. Very fine yellowish body, very sonorous, well moulded. 

These analyses show that the stone-wares may be divided into two 

classes; the one, like those in the first table, (with the exception of 
that from Frechen) comprising 75 per cent, of silicic acid, and the 
other, like those in the second table, containing only from 62 to 66 
per cent of silica. 

Some experiments, undertaken with a view to ascertain whether 
the state of combination of the silica exerted any influence upon the 
process of glazing with salt, led to the conclusion, that the state in 
which the silica was combined, appeared to be immaterial, but that 
an excess of silica in the body was very favorable to the production 
of a good glaze. The porcelain of Sevres was hardly glazed at all 
with salt in some experiments of Messrs. Brongniart and Malaguti. 

The salt-glaze applied to stone-ware, does not appear to augment 
appreciably the amount of alkali in the substance, the clays them- 
selves all containing a certain quantity of alkali. 

Salt glazed stone- ware has long been extensively used for the 
apparatus required for manufacturing muriatic, nitric and oxalic acids, 
&c. on a large scale, and for jars and bottles to contain acids, spirits, 
oils, and other penetrating and corrosive liquids. Within the last 
twelvemonth, it has been employed very largely for drain and chimney 
pipes of various diameters, for which purpose it is admirably adapted, 
being perfectly imperishable, impervious, and capable of being highly 
glazed inside, thus greatly facilitating the necessary flushing and 
cleansing of the flues and drains. 

These pipes are made with a powerful squeezing-machine, similar 
to that described on a subsequent page, and the cup or socket is 
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either moulded and stuck on to the pipe, or the pipe is placed in alow 
throwing- wheel, and the cup is worked up upon it out of the solid clay. 

It has also been exclusively used for the insulators for the electric 
telegraphs on all the railways. 

The second variety of stone-ware has not been introduced for more 
than ten or twelve years into this country, and is still made compa- 
ratively on a limited scale at Bristol and elsewhere. 

The clay or body is the same as for salt glazed w^are; but every 
article is glazed inside and out in the clay state with a liquid glaze, 
the materials of which are principally glass and clay, and, as of course, 
if placed one on the other, as in the salt glaze kiln, the articles would 
stick together, and be discolored by the fire, they require to be baked 
in seggars, precisely as earthenw^are is baked in Staffordshire. The 
oven used is the same as for salt glazed stone-ware, but of larger 
dimensions. 

This kind of stone-ware is not so highly vitrified as the salt glazed 
ware, and is therefore not applicable for chemical apparatus, but is 
used principally for pickle-jars, spirit-bottles, &c. 

The third kind of stone-ware has been already described under 
Staffordshire fine stone-ware. 

Mosaic Pavements and inlaid paving Tiles , — One application of this 
material deserves particular notice, viz: the manufacture of mosaic 
pavements and inlaid paving tiles. The fine stone bodies being highly 
vitreous, and capable of being stained throughout of almost any color, 
are excellently adapted for this purpose. The method of forming the 
tessera* is as follows; — The clay being properly prepared and stained 
of the desired color, as black, red, cane or blue, &c., is made into 
long, narrow ribbons, by means of a squeezing-machine; these rib- 
bons are cut into squares, which are placed one on another, 15 or 20 
high, previously oiled to prevent adhesion. 

These piles of slices of clay are then placed under a frame, sliding 
in two perpendicular grooves, fine steel wires are stretched tightly 
across the frame, and when the frame is pressed dowmwards, the fine 
wires pass through the clay, subdividing the slices into a great num- 
ber of square, oblong, octagon, triangular, or any other shaped tes- 
sera* required, which are dried, and baked in the ordinary way in 
seggars. 

The mode of forming these colored vitrified tesserae into mosaic 
paving-slabs is as follows: — The tesserae are laid face dowm wards, 
on a perfectly flat slate, in the pattern or design required (of course 
reversed). The size and shape of the slab is given by strips of wood, 
or slate fastened round the tesserae. Portland cement is then poured 
on to the backs of the tesserae, and two layers of common red tiles are 
added with more cement, thus forming a perfectly flat and exceedingly 
strong slab, of any style or color required, and which can be laid 
down as a pavement, like a slab of stone or marble. 

Several varieties of plain and ornamental tiles are now made at 
Stoke-upon-Trent, by Mr. Minton, upon a plan essentially different 
from those described Ebove. The coarser kinds for paving streets and 
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doorways, &c., have a red or buff color, and are prepared from the 
Staffordshire clay found associated with the coal. By mixing metal- 
lic oxides with the finer clays, blue tiles and the finer colors are ob- 
tained, After having been prepared, and brought into the state of a 
fine powder, containing a certain amount of moisture, the clay is sub- 
mitted to intense pressure under a hydraulic or other press. The 
powdered clay is placed in a square or oblong iron mould, of the linear 
dimensions of the tile, which it completely fills, when the ram of the 
press, which exactly fits the mould, is brought down upon it, with a 
pressure of from 150 to 250 tons. The clay is compressed into a 
comparatively very small space, and on being removed from the 
mould, is polished or smoothed off on the surface by the smooth cur- 
vature of a piece of bent tin plate, and is then ready for being baked 
in the kiln. Tiles formed in this manner, by pressure, are found to 
contract much less in baking than those that have not been pressed ; 
they contract only |ths on 6 inches; while under ordinary circum- 
stances, the contraction amounts to Jths on 6 inches. This is the 
more surprising, as the specific gravity and power of absorbing mois- 
ture of the tiles formed by pressure, and of tiles made in the ordinary 
manner, is said to be not essentially different. 

The tiles are fired in seggars at about the temperature required for 
biscuit earthenware. The kiln must be slowly heated at first, and 
the fire gradually increased towards the end. 

Variegated or encaustic tiles are also prepared in the same manu- 
factory. For these, a body, composed of ordinary red or buft’ clay, 
is pressed in a mould under a common screw-press; the mould not 
only produces the outer form of the tile, but likewise leaves impres- 
sions in the body of the clay about \\\i of an inch in depth, to be filled 
by the different colored clays. On leaving the mould, the tiles are 
allowed to acquire a certain state of dryness in the air, and the colored 
material, composed of Devon and Dorset clay, is then poured over the 
whole surface in the state of a very thick slip ; when this again has 
been dried to a certain extent, the surface is scraped until the face of 
the original tile, or the common clay, makes its appearance, the cavi- 
ties only being filled with the colored mixture. A layer of fine clay 
is also applied to the back of the tiles, and is pierced with holes by 
projections in the mould, the object of which is to prevent the bend- 
ing of the tiles in the fire. The finer clay, composing the ornamental 
part of the tile, not contracting in burning to the same extent as the 
body of the tile, w^ould cause it to be bent, unless the bending w^ere 
counteracted by this layer of the same material at the back. The tiles 
are burnt in seggars in the ordinary manner. 

The machine represented in Fig. 189 is one of the newly-invented 
agricultural tile-machines, which obtained the prize at the late agri- 
cultural show at York. The upper box is furnished with machinery 
for screening the clay and removing the stones. From the low er box^ 
the prepared clay is forced by the machine through the holes in the 
die plate in front, by which means, tiles of any shape, whether circu- 
lar, semi-circular, horse-shoe, ridging or flat tiles, can be moulded, and 
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cut off in front of the die plate. The whole machine is placed upon 
wheels, that it may be easily removed to any convenient spot for pre- 
paring the tiles. 


3. EARTHENWARE. (fAYENCE ) 

Historical , — Amongst the various branches of the potter’s art, that 
of preparing fine earthenware was certainly discovered last, afid may 
be termed modern in comparison with the more common (or enameled) 
productions. 

Clay-wares composed of a soft, porous, calcareous mass, covered 
with enamel, were first made by the Arabs, and introduced by them 
into Spain. The celebrated Palace of the Alhambra (built in the 
year 1273 by Mohamed Ben Alhamar) is profusely decorated with 
tablets of earthenware, and with urns of the same substance. A 
knowledge of earthenware was first introduced into Italy by the Arabs 
(1415); but it appears that the manufacture of pottery was discovered 
independently by the Florentine sculptor, Lucca della Robbia (1388 
to 1430), who cultivated it wdth great assiduity and success, as a 
means of embodying artistic conceptions. A grandchild of Lucca 
carried the art of his ancestor into France, about the year 1530, where 
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it sunk into oblivion, until it was again revived about the year 1560, 
by Bernhard de Palissy, who endeavored to imitate the Italian models. 
About the same time (1620),eartbenware vessels were made at Niim- 
berg, while the celebrated works at Delft in Holland were established 
in the year 1660. It is, lastly, well authenticated that enameled 
earthenware was manufactured in Persia in the 17th century. 

Specimens of fine French earthenware are said to be in existence 
dating from the time of Henry II , therefore in the 16th century; but 
the real starting point of this branch of the manufacture of pottery, 
for which, from its gradual development, no definite period can be 
fixed, is much later, and, in its present form, is decidedly of English 
origin. The use of ground quartz was first introduced by Th. Ast- 
bury, in the beginning of the 18th century. He observed that flint 
became white when calcined, and employed it as a means of bleach- 
ing or rendering pottery white. The communication of color to the 
glaze was introduced by Sadler and Green; the cream-colored ware 
was discovered by Enoch Wood; but the real founder of the English 
potteries (1730 to 1795) was the celebrated Josiah Wedgwood. He 
established, in the year 1770, the village of Etruria, and by his own 
discoveries, taste, and industry, completely remodeled and greatly 
extended this branch of industry. 

The name Foyence^ w^hich is given to this kind of w’are abroad, is 
derived from the towm of Faenca, in Italy, The older denomination, 
Majolica, w’hich was applied to Italian earthenware, is believed to be 
a corruption of the name Majorca, one of the Balearic Islands. 

JVature of Earthenware , — Under the term earthenware, a great 
variety of pottery is embraced, w’hich all possesses an earthy fracture, 
and is perfectly opaque, is coated with a soft, easily fusible glaze, con- 
taining lead or borax; but notwithstanding the possession of these 
characters in common, the modifications and varieties of this ware 
are more numerous than those of any other kind. All kinds of earth- 
enw^are are composed of several species of clay, sometimes plastic or 
pipe-clay, at others potter’s clay and marl, to which quartz is some- 
times added. The absence of any real flux, and the fact of its being 
fired at a temperature which precludes the possibility of the semi or 
entire fusion of any one of its constituents, distinguishes earthenware 
from porcelain and stone-ware, while the more careful preparation of 
the materials, and consequently greater purity of the mass, and in 
most cases the absence of color, draw a sufficiently marked line be- 
tween this and common potter’s ware. Fine earthenware, as the 
type of which the English ware may be selected, is composed essen- 
tially of a mixture of plastic clay and quartz, and is, therefore, more 
refractory, harder, and denser than the common ware, the chief in- 
gredients of which are potter’s clay and marl, and which is conse- 
quently calcareous and soft. Fine earthenware is always coated with 
a transparent glaze, the commoner kinds with enamel. Both kinds, 
with some few exceptions, are unfitted for culinary use, as they split 
when exposed to the fire, or the glaze becomes cracked or erased. 







a. FINE EARTHENWARE. 

Material, — This ware is allied to fine stone-ware, and is generally 
made in the same manufactory, or at least fired in the same Kiln. 

The crude materials used in England for the different varieties are : 
Cornish stone^ 215,) and the so-called china clay^ a kind of 

kaolin, which is brought in the decanted state from Cornwall, two 
varieties of plastic clay, both of which burn white, and chalk flints. 

That which is called ironr stone china^ is made from a mixture of 
plastic clay and kaolin, with a glaze containing borax; similar ware 
is made on the Continent, and is known by the name of semi-porce- 
lain (Halb-Porzelan), or opaque porcelain. English earthenware^ on 
the contrary, is made simply from plastic clay, with an addition of 
quartz (flint). Flint, which, whatever its color may originally be, 
always burns white, acts the part of a bleaching material, or rather 
as a diluent to render imperceptible the yellow or grayish color of the 
clay. A third kind, which approaches very closely to common earth- 
enware, contains lime in the form of marl. These are the three 
principal modifications into which this class of claywares may be 
subdivided, although there are innumerable others which are of an 
intermediate character. 

The following mixtures are gii’en as examples, and are not to be 
considered in any other light : 

French. English. 

A ^ 

1. 2. 3. 4. 

Plastic clay from Plastic clay from Plastic clay . 64 Plastic clay . 82 

. MonU>reau and Dorset or De- Kaolin . . . 10 

Dreux ... 87 vonshire . 83 — 80 Flint ... 16 Flint ... 16 

Quartz .... 13 Flint . . . 17 — 14 Cornish stone 4 Cornish stone 2 

No. 3 i.sthe mass as it is used for pressing; No. 4 affords ihe cream- 
colored ware so highly prized in England. Very different from these 
products of the English potteries is that w^hich is called dry-bodies^ 
and which has already been described under fine stone-ware. 

Body. — The following compositions are used in the English pot- 
teries for producing the bodies of the different kinds of earthenware. 


CREAM COLOR OR PRINTED WARE. 


Dorset clay ... 

I. 

56 

China clay .... 

27 

Flint 

14 

Cornish granite . . 

3 

Drab-colored ware is made from 


the coal strata, which becomes of a 


II. 

III. 

IV. 

V. 

60 

66 

135* 

24t 

18 

17 

19 

18 

20 

17 

62 

16—17 

2 


6—7 

4 


the fine gray marl found between 
cane-color in the kiln ; or, a white 


• I« employed for cream oolor, dipped and painted ware, 
t bs the body employed for the best printed ware. 
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body as above is stained with oxide of nickel, or with oxide of man- 
ganese, which gives it a greenish drab tint. 

Drab body : — 

Cane marl . . . 32 or — or 56 or 26 

Drab clay . . . 22 “ 43 “ 20 ‘‘ 46 

Cornish granite . . 45 50 ‘‘ 24 25 

Oxide of nickel . . 1 “ 7 ‘‘ — “ — 

Manganese . . . — “ — — “3 

Browny or chocolate bodies^ are prepared from the red ferruginous 
clay of the coal formation, and a variety of tints are produced by the 
addition of the oxides of iron, umber, bole, &c. 

Brown : 

Red clay . . . 83 or 60 

Dorset clay . . . 13 “ 30 

Flint . . . . 2 “ 10 

Manganese . . . 2 “ — 

Egyptian blacky for tea-pots, &c. : — 

Red clay . . . 45 or 34 

Dorset clay . . . 36 “ 42 

Manganese . . . 13 12 

Protoxide of iron . • 6 “ 12 


Blue bodies, so famous as the ground for the unrivalled cameos and 
medallions of Mr. Wedgwood, are produced by the addition of a small 
quantity of oxide of cobalt to a fine white body. When made of 
vitrescent materials, so as to produce a gem-like surface without 
glaze, it is called jasper. 


Jasper bodies : — 


Sulphate of barytes . 

. 48 or Carbonate of barytes 

. 34 

China clay . . . 

. 16 ‘‘ China clay . . . 

. 15 

Dorset clay . . . 

. 24 ** Dorset clay . . . 

. 15 

Flint 

. 10 “ Cornish granite . . 

. 33 

Gypsum .... 

. 2 “ White-lead . . . 

. 3 


These mixtures produce a fine white body for ornaments, and are 
stained blue by the addition of J per cent, of oxide of cobalt, or green 
by sesqiiioxide of chromium. 

The turquoise body is obtained by adding a mixture of the oxides 
of cobalt and zinc to a good w^hite body. 

The firing of earthenware in the biscuit-kiln occupies three days, 
i, e., the kiln is fired on Monday and drawn on Friday, and the coal 
consumed is about 18 tons. 

The analysis below, of common white earthenware, is by Mr. 
Couper. 

Alumina and peroxide of iron . 68.55 

Silica 29.13 

Lime 1.24 


98.82 

Specific gravity . . . 2.36 

y 


VOX,, u. 
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. Printing Colon.— The cdters incorporated the ink for printed 

j rare are prepared follows i • t /!• 

* Blw color is prepared from oxide of cobalt diluted with flint or car- 
bonate of lime. 

LUaCy 2 parts smalt, 1 part manganese. 

Brown^ zaffre 2, litharge 2, antimony 1, manganese 1. 

Bjedrbrown^ manganese 12, litharge 2, flint 2, glass 1, borax 1. 

Orange^ litharge 6, antimony 4, oxide of tin 1, oxide of iron 2. 

Pinky equal parts of subchromate of tin and carbonate of lime. 

GreeUy oxide of chromium. The tints are varied with cobalt of 
zinc. 

Blacky red lead 60, antimony 25, manganese 15, fritted; then 
mixed with 40 oxide of cobalt and 5 parts oxide of tin. 

In hardening on the color, the kiln is fired until the ware has ac- 
quired a bright red heat, which is effected in about six hours. 

Flint is an amorphous, black or brow’n colored mass, composed of 
silica, which occurs in the chalk in roundish or irregularly shaped 
nodules, weighing from a few ounces to several pounds. It contains 
moisture, an organic substance, and sometimes iron. The flints are 
calcined in upright furnaces, which are kept continually at work, and 
are similarly constructed to ordinary lime-kilns. The most recent 
plan of calcining flints, is to expose them in a kiln similarly con- 
structed to the brick-kiln described further on. This plan preserves 
the flints from all impurities of the coal. The red-hot stones are 
throw’n into water as they leave the furnace. By means of this quench- 
ing, the stone is rendered white and disintegrated; it splits in all 
directions, and is sufficiently soft to admit of grinding. only the 
flint, but also cornish stone, is calcined ^nd ground under water in 

so-called block-mills, Fig. 
190; these mills are uni- 
versally employed in Eng- 
land. Into a strong vat 6, 6, 
a massive stone block (of 
chert) m, m, is inserted as 
bottom stone, and upon the 
even surface of this, several 
loose, heavy stone blocks c, 
c, c, are caused to revolve 
by machinery. The mill is 
set in motion by the wheel 
r, which is in connection 
with a first motive- wheel on the driving-shaft. The shaft of the 
\yheels passes through the conical box i, i, which renders stuflSng- 
boxes, &c., unnecessary, nearly to the top of the vat. The one point 
of rotation of the shaft is on the outside of the mill, below the 
wheel r, the other is the pan o. Above the latter, the shaft enters 
the nave of a three-spoked wheel z, a:, x, and the nave and shaft 
can be put out of gear by a peg, and the mill is thus stopped or set in 
motion. Froni each of the three arms x, (which are let into the fetloc 


Fig. 190. 
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Zf as spokes,) the oaken planks p, p, p, project perpendicularly down- 
wards, and push the blocks of stone c, c, before them, which perform 
the work of runners. These runners are composed of quartz, a sort of 
siliceous slate (chert). When these are worn down, or have become 
too light, they are used for constructing the bottom stone, and the 
fragments are calcined with the flints and ground up with them. 

If the price were not an insurmountable objection, the finest white 
plastic clay (china clay) would only be used ; as a matter of economy, 
however, this is mixed with as much gray clay as the quality of the 
ware will admit. In every case the lumps of clay are crushed under 
upright stones, and then stirred up with water in machines furnished 
with cross arms, and the liquid with the clay in suspension is then 
decanted. In this manner a fine aluminous and siliceous mud is ob- 
tained, which are each passed separately through sieves, and mixed 
upon the plan describe(> at page 213. In order to effect a perfect 
mixture, the two, when mixed, are again repeatedly passed through 
sieves. The resulting mud, called slip, is much too liquid, and must 
be brought to the proper consistence before any further steps can be 
taken in the process. This is done by boiling in slip-kilns, one of 
the most expensive operations in the whole process, as a large quan- 
tity of water has to be evaporated. These slip-kilns are quadrangular 
troughs of brick-w’ork, from 80 to 100 feet, or more, in length. The 
fire, which passes under the bottom, (constructed of tiles), is placed 
at one end, and the chimney at the other, so that the greatest possible 
use is made of the heat. During the operation of boiling, a dirty 
scum rises to the surface, and is scooped off; the tumultuous ebullition 
prevents the particles from separating, and secures a uniform mixture 
of the ingredients. This drying by evaporation, although expensive, 
is absolutely necessary, as the quantity of material required is very 
much greater than is the case with porcelain, and no time can 
be spared for drying upon slabs of gypsum (by absorption). The 
fatty nature of the mass also withstands the action of any press, and 
the water cannot be thus withdrawn; only poor pastes (like porcelain) 
can be thickened by means of presses, as w as described at page 225. 
In order to be quite sure of the uniform state of the body as regards 
moisture, consistence and distribution of the ingredients, before it 
comes into the hands of the moulder, it is usual to pass it through 
kneading-machines or pug-mills. 

Clay or Pug-mills . — The action of these clay-mills will be seen by 
reference to V\g, 191, where a a a a is a w^ooden vat, bound round 
with iron. A perpendicular cylinder a, is placed immediately in the 
centre of this vat, and is caused to revolve by machinery. Upon this 
seven* horizontal arms are fixed c c c, from each of which three 
sharp blades project. The blades on the lowest arm are connected 
with each other, and placed in a slanting direction. They are thus 
enabled to carry the lowest layer of clay forward, and force it out 
through the aperture S. The mass from above constantly sinks, and 
is brought into contact with all the several blades in its passage 
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downwards. In other ma- 
chines the blades are 
fixed in a horizontal po- 
sition, inclined, however, 
at a certain angle, so that 
the whole together act 
upon the principle of a 
screw, which, while it 
cuts up the clay, forces 
it at the same time down 
towards the opening s. 

In the English pot- 
teries, the process of wea- 
thering the clay and al- 
lowing it to moulder is 
not practiced, but it is 
worked up at once into 
vessels. 

Moulding. — The ma- 
kers of earthenware, as 
of stone-ware, are very 
much more favored than 
the porcelain manufac- 
turers, by the greater de- 
gree of plasticity of the 
material. This is not so 
obvious from the accuracy, elegance, and beauty of the forms, as in 
the rapidity with which simply rounded vessels can be made. An 
experienced moulder wdll make in a working-day of ten hours, assisted 
by two boys, as many as 60 or 70 dozen plates, or even, according to 
some statements, many more. A lad and his assistant will make as 
many as 2000 to 3000 of the small round bottles for containing ink, 
in a single working-day. This is certainly one of the chief reasons of 
the low price of the ware. The potter’s wheel is here brought into 
much more extensive use, and is set in motion, in England, by 
steam. 

From a common horizontal shaft in the roof of the workshop, a 
leather belt descends to each separate disc, passing over a conical 
drum. If the belt works on the narrow end of the drum, the motion 
is rapid, and may be moderated in proportion as it is advanced to 
the thicker extremity, so that any degree of rapidity may be obtained. 
Where steam is not employed, an assistant turns a driving-wheel, 
which is connected in the same manner with the disc of the throwing- 
machine (see Fig. 183, page 264). The height and width of the 
pieces are determined by means of a measure (as was described in 
connection with Fig. 154). Greater accuracy is not here required, 
as all rounded vessels of simple form, when they are half dry, 
are placed in a chuck upon a horizontal lathe, and turned to the 
proper dimensions. These lathes are generally set in motion by male 


Fig. 191. 
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or female assistants, who are remarkably apt in adapting the velocity 
of the motion to the requisitions of the turner, as if the two were im- 
pelled by one will only, and, at the same time, they perform all the 
little necessary operations, such as stamping the goods, bringing and 
removing them to or from the lathe. 

The finished vessels are cut from the disc of the lathe by a wire, 
to avoid all possibility of bending them. All vessels that are not 
circular in section, and such as are ornamented with base reliefs, are 
made in plaster moulds, into which lumps of clay are pressed with 
sponges (compare page 230). Thin vessels are made at the wheels 
with the assistance of plaster moulds and tools. Tools either of metal, 
horn, or more frequently of glazed clay, are very extensively used, 
partly for the outer, and partly for the inner surfaces. In many cases, 
as, for instance, when oval vessels are to be moulded, the plaster 
mould is fixed upon a whirler. The whirler is similar to a common 
wheel, but the wheel is not connected with any machine to give it a 
regular motion; it resembles the movable support of the statuary, and 
enables the workman to place the heavy plaster moulds in any desired 
position. The bats of clay for plates, slabs, &c., are not made in the 
same manner as from porcelain-paste, but with the aid of a heavy flat 
block of gypsum, the ball of clay being flattened by striking it with a 
peculiar movement upon a smooth table. 

An attempt has been recently made in England to replace the 
hand of the moulder by machinery in cases where certain simple forms 
are required in great quantities, as, for instance, is the case w ith cups. 
The sketch. Fig. 192, is intended to give an idea of this apparatus, 
without the motive machinery. The cups are moulded by means of 
the tool e, and the plaster mould 6, the tool 
forming the interior, and the mould the 
outer part. The plaster mould is fixed in 
the proper position by means of the iron 
ring 0 0, in such a manner that its centre 
corresponds exactly with the point of the 
tool. The plate c, and the foot e, upon 
which the plaster mould is supported, to- 
gether form a potter’s wheel, which can be 
rapidly brought into connection with the 
moving shaft by means of a treadle, and 
made to revolve. The tool, which is coun- 
terpoised by the weight a, can also be low- 
ered to the proper distance through the 
guides i i, by means of a second treadle. 

If a ball of clay r, be now placed in the 
mould, and the treadles are moved, the tool 
will descend into the revolving mass of 
clay, and bore a hole (like a boring-ma- 
chine) forming a cup, the thickness of 
which will correspond to the distance which 
the tool, when at the lowest point, is removed from the sides of 
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mould. The machine must be regulated so as to secure this proper 
distance. When the forming is finished, for which a few seconds 
suflSce, the treadles have merely to be set at liberty and the mould 
comes to a state of rest, the tool being raised up above the mould by 
the weight of the counterpoise a. The mould, with the finished piece, 
is then exchanged for another, and the same operation is repeated. 
A machine of this kind can be worked by women, who receive less 
wages than experienced moulders. 

In Mettlach, near Saabriick, the plates of clay are cut out of cylin* 
drical blocks with fine wdres by a machine. 

Firing , — The temperature at which fine earthenware requires to be 
baked is very much higher than that which the glaze will bear; for 
“which reason, vessels composed of this substance must always be 
twice fired. In the first firing, the ware is thoroughly baked or con- 
verted into biscuit (which is, of course, a very different state to that 
of porcelain, after having passed the warming-fire); in the second, 
the glaze is burnt on. It is usual to employ either tw^o separate fur- 
naces for these distinct operations, or the goods to be glazed are 
placed in the higher and cooler chambers of the same furnace which 
is used for biscuit in the lower parts. The former plan alone is adopt- 
ed in England. The furnace Fig. 193, which is always surrounded 


Fig. 193. 



With a conical building, hqvfel, h A, that answers at once the purpose 
of roof and chimney, has only one chamber C. The construction is 
the same as that of an upright reverberatory furnace, and differs from 
the porcelain-kiln in being arranged for the consumption of coal and 
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a better distribution of the flame. There is an upper aperture 6, to 
the fire-hearth, and a lower one c, for removing the cinders; p is the 
door for introducing the fuel, &c. It is not absolutely necessary to 
have a grate g, and this is sometimes (in the English potteries gene- 
rally, entirely omitted. In all cases, however, the draught passes in 
a downward direction through A, and carries the flame in a horizontal 
direction into the furnace. The flame, however, is divided on enter- 
ing the chamber of the furnace into two parts, the one of which re- 
taining its original direction, and passing along the horizontal chan- 
nel w, below the sole of the furnace, enters it at the central point, 
through the opening o. The other half of the flame passes through 
the low chimneys or bags which are situated at a little distance 
from the sides of the chamber d. Each fire (of which there are 6 or 7) 
has a corresponding chimney /, and a flue n ; the latter all converge 
towards o, becoming narrower as they approach the centre. The 
apertures k k k, in the dome, allow the flame to escape. In furnaces 
of an older construction there were no channels n, and the bags y, 
were in contact with the sides of the chamber, it having only lately 
been ascertained that the extension of the diameter of the kiln to the 
amount of the distance i, did not make a perceptible increase in the 
quantity of fuel consumed. The apertures v t*, before which are the 
seggars for the watches, serve for the insertion and removal of the 
tests, by which the potter judges of the progress of the firing. 

The height of the chamber is about 18 feet, and its diameter is 16 
feet. The furnaces employed for glazing are of the same construction, 
but somewhat higher. 

As, generally speaking, several kinds of earthenware are prepared 
at the same time, or fine stone-’ware, the rule observed is, to place 
the goods in positions in the furnace according to the heat which they 
will bear; thus, for instance, iron-stone china would be placed in the 
hottest part. 

No kind of earthenware can withstand the direct action of the 
flame, and least of all, the flame from a coal fire, without injury, so 
that seggars must always be used. The comparatively low tem- 
perature, the goods being never heated to the point of fusion, admits 
of a great economy in the space; the vessels do not require to be so 
carefully supported, and may be placed much more thickly, one upon 
the other. It is still necessary, however, to separate the individual 
pieces from each other. Flat pieces, such as plates, d. Fig. 194^ 
merely require triangular pegs A, A^ A", and c, c', c", Fig. 195, 
composed of clay or hard earthenware. These are fixed in separate 
holes, purposely made in the sides of the seggars, the plates resting 
on the edges of the prominent parts. Three pegs thus support one 
plate with the rim downwards and its bottom towards the upper part 
of the kiln. Hollow vessels are placed one above the other, or in- 
serted partially one within the other, but are always separated by 
three-branched pegs. Fig. 196, or others in the form shown in Fig. 
197. The seggars are arranged in columns or bungs, 18 or 19 



284 


PINE SAEWfiNWARE— 


together, and in a furnace of tfie above dimensions there is room for 
87 altogether. When, as is generally the case, 15 or 16 plates can 
be packed in one seggar, a furnace would then burn (supposing it to 
contain nothing else) nearly 16,000 plates at once. 



The temperature of the biscuit-kiln is 90° to 100° Wcig. 

Glaze . — The following substances are employed in greater or lesser 
quantity as constituents of the glaze: — FelvSpar, of which considerable 
quantities are brought from America; this is often replaced by the 
Cornish stone, already so often mentioned (page 226). Besides these, 
flint, sand, heavy spar, soda, tinkal (vol. i. page 319), cubic nitre, 
boracic acid, crystal glass, minium, litharge, white lead (oxide of iron), 
smalte. The recipes for glaze differ considerably, partly on account 
of the variable nature of the body, and partly to suit the uses to 
which the vessels are applied, w^hether white, printed, or painted; 
and partly from habit and custom. The glaze, however, always con- 
tains lead, and is white; it also contains alumina and soda. The 
minium and saltpetre exert a purifying action (compare page 31). 
The oxide of cobalt, of which never more than y is used, is in- 
tended to communicate a slight blue tinge to the glaze, so as to hide 
the yellow color of the body. Good glaze should be very transparent 
and colorless, should not be easily scratched with the knife, and 
should be expanded by heat nearly in the same ratio as the body 
itself. The ingredients are mostly fused together, or sometimes only 
fritted: the product, when ground and decanted, constitutes the glaze. 
Melted with boracic acid and soda, it is perfectly transparent and 
green; with tinkal, on the contrary, it is impure and of a dirty brown 
color. The minium does not enter into the composition of the frit, 
but is added by itself to the powdered glaze. The glazing is effected 
by dipping the biscuit-ware into a vessel containing water and the 
glaze, made into a thin slip, all the. precautions being observed which 
have been noticed under, porcelain (page 236). 

The following recipes for glaze are actually in use: 



Raw Glazes.^ 
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Fritted Glaze. 


Crauh color glaze^ Printed Ware gtatM 

i White lead 

66 

45 

} Cornish granite 

22 

28 

( Flint 

12 

13 

Flint glass 

— 

14 

Cornish granite - 

30^ 

Calcined in the gloss 

Flint 

Red lead - 

16 i 

oven in seggars lined 

25 

>• with flint, and then 

Soda 

12 

mixed with the follow- 

Borax 

17 

. 1 ^ 

ing: 

Frit - 

26 

Cornish granite - 

15 

Flint glass 

Flint 

10 

9 

Whitelead - 

40 


The whole is afterwards ground with a little oxide of cobalt to in- 
crease the whiteness. 

Drah ware glaze^ litharge 56, Cornish granite 20, flint 24. 

Blue glaze^ flint 40, borax 24, red lead 16, Cornish granite 7, soda 
5, oxide of tin 5, oxide of cobalt 5. This mixture is calcined and 
ground with the addition of a little pearl-ash. 

Green glaze, 6 pounds of sulphate of copper are dissolved and 
precipitated by a solution of borax, and then mixed with 10 quarts 
of white glaze. 

Yellow glaze. King’s yellow, or chromate of lead is added to white 
glaze. 

Black glaze, red lead 74, flint 14, manganese 10, protoxide of 
iron 2. 


The following are analyses of glaze by Mr. Cowper: 


Analysis of 
white glaze. 

Silica - - • - 43.66 

Lime . - • - .52 

Alumina and protoxide of iron 9.56 

Borax ... - 20.08 

Carbonate of lime - - 10.88 

‘‘ ‘‘ lead - - 15.19 


Analysis of 
frett. 

55.98 

2.52 

10.38 

31.12 


99.89 100.00 

Specific gravity ... - 2.345 

The gloss- or glaze-kiln is much smaller than the biscuit-kiln, 
is fired during one day, the consumption of coal being from 3 tu o, 
tons. 

As soon as the recently glazed wares have become dry, the glaze 


* In “ raw glazes” the materials are simply ground together in contradistinction to 
such as are in part fHtted, and then mixed with the other ingredients. 
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iA burnt in. The seggars which are used for this purpose, are some- 
what larger than the biscuit-seggars, and are glazed on the inner 
surface, when the danger of the material of the seggars absorbing a 
portion of the basic ingredients of the glaze, particularly oxide of 
lead, is to be avoided, in which case the glaze is inevitably rendered 
rough andMulL The bottom of the seggars is covered with coarsely 
ground flints, so that the lowest vessels rest upon the sharp points of 
this angular sand, and, therefore, only touWi on few points. The 
vessels are separated from each other by the same kind of pegs as 
w^ere employed wdth the biscuit. The marks where the vessels have 
rested on the sharp edges of the pegs, may easily be discovered on 
the earthenware of commerce; the marks are the less perceptible the 
more sharp the edges were made. The juncture of every two seggars 
is luted with clay. 

Firing . — In firing earthenware, coal is selected which produces a 
long flame, and it is better when it is not of a caking character, as 
the fire then requires less frequent clearing, in which operation foreign 
matters are carried up into the chamber, and the kiln is liable to cool. 
Large coals are first placed upon the hearth, so as to form a sort of 
wall or upright grate, through the crevices of which the flame passes. 
In front of the lumps of coal and above them small coal is placed. 
The heat is moderated at first until the furnace and its contents have 
become gradually red-hot, when the heat is increased, and the draught 
is allowed to enter from below at 6, w^hile by opening or closing 
b w’ith the lid, the draught is regulated. Biscuit requires 40 hours 
for firing, and about 15 tons of coal are consumed; the glaze is 
burnt on in 16 hours. The process is judged of by hollow balls of 
clay, which are bored through on two sides, and filled with oxide 
of iron. The contraction and the amount of color produced by the 
latter, afford a clue to the temperature of the fnrnace. They are 
first pale red, and passing through several tints, become at length 
red-brown. Those varieties of earthenware which are equal to or 
nearly allied to iron-stone., are sufficiently baked when they assume 
a dark broWn-red color; the softer varieties, when the tests appear 
slightly dark red. 

For burning the glaze, balls of clay are used, previously coated 
with glaze, which assume progressively, the same changes of color, 
with the heat of the furnace. 

It is usual to preserve the trials from the most successful bakings, 
in order to use them in future operations of the same kind, for the 
purpose of comparison. 

Although it would be inappropriate to expend much art upon the 
paintings on earthenware, yet this ware is always ornamented (either 
with a crude sort of painting applied with the brush, or by printing), 
and is often decorated with metallic lustre on the largest possible scale. 

Printing , — The essential principle of the process for printing on 
earthenware, is the production in the first instance of a printing ink, 
composed of the finely-pounded color and linseed-oil varnish (just as 
the color for copper-plate printing is prepared from lamp-black and 
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linseed-oil varnish), which is printed upon paper in the usual manner.* 
When an impression of this kind, which is in point of fact a copper- 
plate, is made to adhere with the printed surface towards the earthen- 
ware, and the piece to which it is applied is then immersed in water, 
the paper and the adhesive matter is softened, and can be drawn or 
brushed away, while the colored varnish, which is not affected by 
the water, remains as a drawing upon the vessel, and can then be 
burnt in. The very same outlines which were first imprinted upon 
the paper are thus transferred to the earthenware, and burnt in. 

Of course, those colors must be chosen, the chemical properties of 
which are compatible with the circumstances, i. e. with the character 
of the glaze, the temperature of the kiln, &c. Cobalt blue, man- 
ganese black, chromium green, are very common colors; but the 
most admired is the so-called pink color^ obtained from acid stannate 
of oxide of chromium with stannate of lime, which is very extensively 
applied to iron-stone china. This pigment, the manufacture of which 
was originally a secret, was chemically decomposed by Malaguti, 
and from the results of the analysis a practical mixture was pro- 
posed, which has been prepared with great success in the manufac- 
tory at Montereau in France: 


The chemical analysis yielded: 

Hence was deduced the follow’ing recipe: 

Oxide of tin (SnO.) 

- 78.31 

Oxide of tin - 100 

Lime - - - - 

- 14.91 

Chalk - - - 34 

Silica - - - . 

. 3.96 

Oxide of chromium 1 — (or 

Alumina - - - - 

- 0.95 

chromate of potash 3 to 4) 

Water - . . - 

- 0.61 

Silica - - - - 5 

Oxide of chromium 
Chromate of potash 
Potash and loss 

- 0 52 

- 0.26 
- 0.48 

Alumina - - - 1 


100 . 

These colors are very seldom printed upon the glaze, but generally 
upon the biscuit. In this case, the addition of a flux is not always 
necessary, as the glaze perfectly supplies its place. 

The copper-plate is engraved somewhat more coarsely than usual, 
that the lines may not flow into each other; and the deeper shades, 
which require more color, are more deeply engraved. The impres- 
sion, in other respects, is obtained precisely in the same manner as 
a copper-plate, but is taken upon a particular kind of paper. The 
paper must be fine, soft, but uniform and durable, like Chinese or 
tracing paper. In order to render it adhesive, it is saturated with a 
decoction of linseed or similar gummy substance, [in England with 
soap,] and brought moist under the press. In this manner vignettes, 
garlands, bouquets, &c. are imprinted as thickly as possible, with the 
greatest economy of space, their size being proportioned to that of 

* The ink is made of linseed-oil boiled with litharge, resin, balsam of sulphur, or 
&[rbadoes tar. 
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the utensils. When these figures have been cut off singly with the 
scissors, they are placed with the printed side upon the biscuit and 
pressed upon it with wool or with the firmly bound end of a roll of 
flannel; the vessels are then plunged into water. The paper is 
easily withdrawn after a short time like a thin skin, and the drawing 
remains attached to the biscuit with a clear and distinct outline. 
Accurate impressions, however, will only be obtained when both the 
surface to be imprinted and the paper bearing the impression, are 
flat; in most cases the paper has to be applied to a curved surface, 
with a certain amount of pressure to avoid creases, and this causes a 
distortion of the drawings. Another very apparent defect occurs in 
ihe transference of garlands, &c., ornamental borders; these patterns 
never run into each other at the juncture of the two ends of the 
paper, but form at that point a distinctly marked line. 

The dry printed biscuit cannot be glazed immediately by dipping 
as described above, those parts that have become covered with the 
fatty matter of the color would not absorb water, and no glaze 
would be deposited upon them. It is, consequently, absolutely 
necessary to destroy the varnish by heat before the glaze is applied. 
This process is technically termed hardening up. The heat is only 
required to destroy the varnish, and is not allowed to rise to such a 
point as \vould induce a chemical action of the color on the biscuit- 
ware. A furnace has been recently introduced in England which 
admits of the most accurate regulation of the heat, and is a great 
convenience to the manufacture, without involving any expense, as 
it consumes the waste cinders from the baking-kiln. This furnace 
is of a quadrangular form, about the size of a moderate room, and 
arched above. Through a door in the floor an iron box or movable 
wind-furnace (called a Davy, in honor of the great chemist), is ad- 
mitted into the middle of the chamber on a railway. In the four 
corners, pipes project through the arch and descend nearly to the 
floor of the chamber, which answer the purpose of so many flues to 
the furnace, and distribute the heat by drawing the flame from the 
burning cinders to the sides of the chamber. A short pipe is situated 
in the centre of the roof. This central aperture, and the four others, 
are furnished with valves on the outside, which are connected with 
each other by levers, in such a manner that the middle one can only 
open when all the others are closed, and vice versa. The chamber is 
now packed as closely as possible with vessels, the Davy and glowing 
cinders are introduced, the door is luted up, and the valves arranged 
in the proper manner, 'fhe central valve, viz : is kept closed by a 
rod of lead on the inside of the chamber, the four others are conse- 
quently open. The heat increases gradually from below upwards, 
a dense and very offensive smoke is evolved, until at length the leaden 
rod can no longer withstand the heat and melts ; the central valve 
immediately spnngs open, and the four side valves close and stop 
the draught, the fire is extinguished, whilst the remainder of the smoke 
escapes through the central aperture. When the chamber has be^n 
thoroughly ventilated, the vessels may be removed. 
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After this operation the glaze may applied in the usual manner. 

When the pattern is applied above the glaze, the surface of the 
latter must be made receptive of the coloring matter by a layer of 
copal varnish and oil of turpentine. The varnish of course in this 
case requires no special process of removal. The transference of 
copper engravings is occasionally eflected by means of plates cast in 
gelatine. When this is the case, oil varnish, without any coloring 
matter, is applied to the plate, and the drawing is obtained upon the 
piece in scarcely perceptible lines of fatty varnish. When finely- 
powdered coloring matter is now sprinkled over the vessel, the color 
attaches itself to the adhesive surface of the outline drawing, but not 
to the other part of the vessel. 

Painting , — The application of color by means of a brush and the 
hand is very little practiced, except for the production of rings and 
dots, or garlands of leaves or flowers, which are then standard articles, 
and are made by women expressly kept and taught for the purpose. 
Thus one will make the skeleton, another the outlines of leaves and 
flowers, which a third fills up with the coloring matters. The ves- 
sels are frequently placed upon the lathe and a ring formed round 
them by simply holding a brush dipped in color against them while 
they are in rotatory motion.* Nearly all colors, whether printed or 
painted by hand, are applied to the biscuit-ware and not upon the 
glaze. 

The ornamental appearance produced by pouring is also differently 
effected. The substance employed in this instance, is an earthenware 
paste mixed with coloring matter, and of about the consistence of 
syrup, which is poured in thin layers over air-dried utensils or bis- 
cuit-ware, and which adheres to it after the manner of glaze. This 
plan is very often adopted in order to produce the appearance of 
marble. If the marbled appearance is to consist of four colors, for 
instance, these four mixtures are placed each in separate compart- 
ments of a vessel which has only one spout in connection with all 
four. On pouring from the vessel, all the colors will flow out in a 
single stream, but unmixed wdth each other; this stream is allowed to 
flow upon the vessel to be colored, which is either caused to revolve 
on the lathe, or is turned with the hand and swung with a certain 
degree of regularity, so that a waved oi marbled appearance is pro- 
duced. The vessel is then glazed as usual. The pigments in all 
these cases must be water, and not oH colors. 

Lustres , — Gilding is seldom applied to earthenware, but the so- 
called metal lustres are very common. These are exceedingly thin, 
delicate, brilliant coatings of metal, produced by the application of a 
diluted solution of the metal and its subsequent reduction. The re- 
duction can be effected by some ingredient of the solution, or, as more 
recently practiced, by a reducing atmosphere (smoke) in the muffle 

♦ In some places, the color, in the slate of thick slip, is blown from a bottle with twp, 
spopts (the one of which is furnished with a tube, reaching nearly to the bottom of the 
bottle or vessel), upon the piece while revolving in the lathe. The rings of color are 
tlius produced, or the whole surface is very rapidly covered with the pigment 
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fttfftiice. The luitr& imparte color to the |fla*e, aa 

Mrell as a metallic coating, and a dotible effect results* The eoldi^ 
in these cases can only be visible on account of the extreme tenuity 
of the metal* Gold lustre produces this effect, and is obtained by 
dissolving gold and tin in aqua regia, and mixing with it a proper 
quantity of sulphur balsam (a solution of sulphur in linseed-oil) and 
oil of turpentine. Platinum lustre is obtained in the same manner, 
from a mixture of chloride of platinum and oil of turpentine. A lustre 
resembling that of beetles’ wings (Spanish flies) is produced from 
glass containing a large quantity of lead, to which oxide of bismuth 
and chloride of silver has been added. When the vessels coated with 
these preparations are heated to redness, leather, or similar substances, 
are thrown into the muflle, the products from which reduce the sur- 
face of the metal and produce the brilliant coatings, the colors of 
which vary from green, red, yellow, blue, &c. A lustre of this kind 
is produced in Spain from copper; the manner in which this is obtain- 
ed is, however, not known. 

The manufacture of earthenw’are in England is chiefly confined to 
Staffordshire, to the district called the Potteries, In France, it is 
manufactured in the neighborhood of Paris, at Bordeaux, Saargemiind, 
&.C. ; in Germany, at Mettlach, near Saarbriick, Poppelsdorf, near 
Bonn, (in both of which localities the clay is obtained from V' allendar, 
near Coblentz, and this clay is importe?(J to Stockholm, in Sweden, 
for use in the manufacture of earthenw’are.) Earthenware is also 
made at Baireuth, Aschaffenburg, Kelsterbach, &c., and at Carlsbad, 
in Bohemia. In all these manufactories, several kinds of earthenw’are 
are produced (as in England) simultaneously with fine earthenware, 
which form so many transitions from porcelain to fine stone-ware and 
common pottery. The differences of the manufacture are confined 
to the methods of preparing the clay, the composition of the glaze, 
and the ornamental work. Thus, for instance, in Mettlach the clay 
for the body is only ground, not w’ashed, and simple colored impres- 
sions are made with engraved stamps, in the same manner as 
the letters are stamped at the post-office. Four sorts of fine stone- 
ware are made there, viz. : 

1. Stone-ware 

from plastic clay from the Palatinate, 
ground quartz (from Oberwald or Berncastle), 
and a -calcareous tufa (from Sierk). 

The glaze contains lead, and the ware has a yellow tint. 

2. Yellow (nankin-colored) earthenw-are, 
from gray plastic clay from Valendar, near Coblentz, and 
another kind of clay from the Eifel, which burns yellow. 

The vessels are coated wdth lead-glaze. 

3. Hard stone-ware, 
from plastic clay from the Palatinate, 
ground quartz and gypsum (Luxemburg).* 






The glaze consists of a tolerably hard lead^glass containing boracic 
acid. 

4. Porcelain stone-ware, 

from plastic clay from the Palatinate and from Vallendar, 
ground quartz and bone-ashes. 

The glaze is free from lead, and is composed of borax, alkali and 
felspar. 

Another very peculiar kind of ware, which will be most properly 
described in this place, is that composing the 


Cologne^ or clay-pipes. 

The body, — 1'hese pipes require a clay that is at the same time 
very plastic and will burn extremely while and porous; the plastic 
clay combinesthese properties, and more particularly, 
as has been shown by experience, those layers which Figs. 198 & 199. 
form the basis of the clay deposits. This clay is 
used without any addition of quartz or flux, but very 
great attention is paid to the kneading and slapping, 
in order to obtain a fine and perfectly uniform mass. 

This is generally of a gray color previous to burn- 
ing, and must possess a certain degree of pliability 
in order to be adapted to the following mechanical 
operations. 

Forming . — A workman first prepares the so-called 
rolls^ Fig. 198, two at a time, one in each hand. 

The thinner portion has rather more than the full 
thickness of the future lube, whilst the thick part is 
somewhat less in diameter than the bowd. A second 
workman receives these rolls in bundles at a time, 
which are already somewhat dry and stiff; his first 
object is to bore the tube. With his left hand he 
forces forward an oiled brass or iron wdre fastened 
to a handle, w^hilst the thumb and forefinger support the roll, and 
with a kind of feeling motion, guide the point of the wire. 

The point is rounded like a button, and the opera- 
tion is performed much more quickly than would be Fig. 200. 
imagined. At first the whole length of the tube is 
not bored, but about an inch is left unbored, and the 
unfinished pipe, with the wire, is placed in the mould, 

Fig. 199. This mould is placed in a kind of vice, 
made to fit it, and the part that is to form the bowl is 
then brought immediately below the pestle or stamp n. 

Fig. 200, so that it is only necessary to put a lever 
in motion to bring the pestle into the mould, and thus form the hollow 
of the bowl. It wdll be seen that care has been taken in constructing 
the mould to preserve the neat margin of the bowl; and any adhesion 
of the moulding instruments is prevented by the pipe being oiled 
whilst passing through the hands of the workman; the bowl is also 
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Specially oiled. On opening the mould, the tube is completely bored, 
and the margin is cut straight away with a knife introduced in a slit 
in the mould, when this has not already been formed by the pestle. 
This is always done with the pipes that are cut sloping at the bowl, 
like the English pipes. 

When the pipes have been removed from the mould, and the wire 
has been drawn out, they are laid out to dry until they are no longer 
flexible; the sutures are removed with a sharp knife, in order that the 
surface may be polished with another instrument. This instrument 
is a knife with a semicircular polished blade. When the tube is to 
be curved instead of straight, it is supported on the drying-boards, at 
the two ends only, so that it may sink in the middle. 

Disposition in the Furnace^ and Burning , — The air-dried pipes can 
only be burnt in seggars, as it is essential that they should preserve 
their white color. If the pipes are short, and there is no chance of 
their breaking or bending, as many as possible are thrown into the 
seggars without any arrangement. If they are longer, ring-formed 
projections are made round the seggars, upon which the bowls are 
supported, and a grooved column in the centre, against 
which the tubes are placed, or the latter alone is erected 
without any rings, as in Fig. 201. The spaces between 
the pipes are often filled with burnt clay-pow’der, or 
ground seggars, in order that they may be supported on 
all sides. I he ends of the tubes, w’hich project beyond 
the seggars, are protected by a conical lid. The fur- 
naces are chiefly of the kind represented in Fig. 193, 
so that they will accommodate a number of seggars at 
once; they are, however, smaller, and either round or 
square. In Hanover, they employ very small furnaces 
without seggars, in which the pipes are protected from 
the flames of the furnace by means of a lid made of 
paper, which has been covered with clay. The paper is naturally 
consumed, and leaves the layer of clay. The firing lasts 14 or 16 
hours, and is divided into two periods, during the latter of which the 
heat is raised to the highest point. 

The burnt pipes absorb water with avidity, on account of their 
porosity, and they consequently adhere in an unpleasant manner to 
the hps. To deprive them of this property, the points are either 
rubbed with a mixture of soap, wax, and gum, or they are covered 
with resin, pitch, or shellac, or, lastly, they are glazed. The glaze 
contains lead, and is very fusible, so that it is only necessary to hold 
the coi’^ered points for about ten minutes in the flame of the furnace to 
glaze them perfectly. 

The London tobacco-pipes, which are noted for their superior form, 
are burnt in a kind of close kiln, seen in section in Fig. 202, and in 
plan at Fig. 203, from which the flame and smoke of the fire are 
totally excluded. The kiln-sides and bottom are constructed of the 
same clay as the pipes themselves, old pipes and fragments being 
worked up for the purpose ; they are built up over the fire-place 6, a 




space of several inches being left between the sides of the kiln and 
the casing of fire bricks c, while the whole is enclosed by an outer 
wall of brickwork d. 

The fire circulates in the space mentioned above with little inter- 
ruption, except that which is caused by the numerous supports which 
are necessary to keep the kiln in its proper position. These supports 
consist of a number of ribs between the kiln and the fire-brick lining, 
and which form as many flues. 1'hey are perforated with occasional 
apertures, so as to connect one flue with the adjacent one; but the 
principal supports of the kiln are five piers formed of bricks, project- 
ing one over the other, the spaces between which form the entrances 
of the flues. There is an opening on one side of the lining of the 
kiln, at c, which serves for introducing and removing the pipes; this 




is closed during firing by an iron door lined with clay. The aperture 
hy conducts the flame to the chimney. The inner kiln-opening itself 
corresponding with the door r, is plastered up with clay and broken 
fragments of pipes after the kiln has been charged. 

In the centre of the kiln a column of clay supports is erected, be- 
tween which, at diflTerent heights, round plates or discs of clay are in- 
serted, and projections are left in the sides of the kiln corresponding 
to these central plates, against which the pipes are supported, so that 
The weight of the whole charge is distributed against the sides of the 
kiln and the central column, and not upon the lowest layer of pipes. 
The kilns are of various sizes, and will often burn 100 gross of pipes 
at once. 

The fuel used is coke, and the firing lasts from 10 to 14 hours. 
The heat is slow at first, and gradually r-iised to the full intensity re- 
quired for baking. A small aperture is left in the front of the kiln, 
that the workman may see into the interior, and be able to judge of 
the temperature. 

The red Turkish pipe-bowds more properly belong to common 
potters’-ware, while the Hungarian bowls consist of a kind of stone- 
ware. 


6. COMMON (enameled) EARTHENWARE. 

This kind of ware is characterized by its complete opacify, and by 
being always colored, it is of an open structure, porous, and easily 
scratched; its fracture is earthy, and, instead of a transparent glaze, 
it is coated with enamel. It is also chemically characterized by the 
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efftrvt$cence which acids prodaije with it, and which indicates the 
presence lime in the burnt mass. 

Mixture ^ ^ Jtw.—AM the eonapositions for this kind of earthen* ■ 
ware consist of a mixture of: — 1, potters’ and plastic clay; 2, clay 
marl ; and 3, quartz or sand. 

Thus, for instance, the Paris earthenware consists of; 

8 parts plastic clay from Arcueil, 

36 ‘‘ of a greenish clay-marl, 

28 ** of a white calcareous marl, 

28 ** of a yellowish marly sand. 

As a general fact it can only be stated that the proportions and 
nature of the constituents are very various in different localities; and 
yet all the recipes agree in prescribing a mean proportion of clay, 
silica, and carbonate of lime, which will be seen pretty clearly from 
the tabulated results of the analyses of the earthenware from different 
localities: 


Source of earthenware. 

Silica. 

Alumina. 

Lime. 

Maf- 

iiesia. 

Oi. 

iron. 

Carb. 
acid and 
lo»s. 

Re- 

markf. 

Italiati (from Luocta deila 
Robbia) - - - 

49.05 

15.50 

22 40 

0.17 

3.70 

8.58 


Majolica 

4S.0O 

17.50 

20.12 

1.17 

3.75 

9.46 


Old S(>anish . - • 

40.04 

18.45 

17.04 1 

0.87 

3 04 

13.96 

o 

Manasties, near Valencia 

54 71 

18 80 

19.09 j 

trace 

2.20 

4.00 

OQ 

Delft - • . - 

40 07 

16.19 

18.01 1 

0.82 

2.82 

13.09 


Persian . - - - 

4K54 

12,05 

19.25 ! 

0 30 

3.14 

16.72 

^ * 

From Rouen - 

! 47.90 

15.02 

20.24 . 

0.44 

4.07 

12.27 

Zi 

From Nevers- 

50 19 

19,22 

i 14.96 

0.71 

2.12 

0 50 

< 

From Paris - - - | 

•61.50 

12.99 

16.24 : 

0.15 

1 301 

6-10 



The mean of these proportions corresponds very nearly with equal 
parts of silica, (pipe-) clay and carbonate of lime, which must have 
been taken as the normal quantities for the mixture. 

The analyses also prove that the greater portion of the carbonate 
of lime has been decomposed by the silica during firing, the carbonic 
acid contained in the vessels being far too small a quantity to combine 
with the whole of the lime. This decomposition, however, is never 
complete, not even after burning in the glaze. 

Properties of ttie Mass . — All kinds of earthenware melt and swell 
up at a high temperature in the form of a dark brown or green glass, 
without previously becoming translucent, they are subject, with a 
few exceptions, as for instance, the brown Parisian ware, to crack 
when exposed to sudden changes of temperature, which unfits them 
for culinary vessels. This objectionable property is augmented by 
a large amount of marl in the mass, and diminished with an increase 
of clay. 

The ii^gredients are suspended in water, mixed in the wet state 
and dried on gypsum. The moulding operations are very speedily 
completed in consequence of the high degree of plasticity of the 
material, 'f he throwing- wheel, and, subsequently, the horizontal lathe 
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are the principal instruments used: sometimes, however, plaster 
moulds are employed, and the processes are precisely similar to those 
already described. 

Firing . — The firing, as was the case with porcelain, is executed 
in two distinct operations; the first fire is given to the body as a pre- 
paratory step to glazing, and the glaze is then burnt in; the difference 
of temperature in the two fires is, however, but little different, and 
the last fire is only slightly more intense than the first. Both opera- 
tions are performed in the same furnace. 

Kilns , — The kilns are either horizontal or upright reverberatory 
furnaces; in the latter case, which is the more general, a moderate 
temperature only being required, they are heated simply by one fire- 
place. 

Fig. 204 is a perpendicular. Fig. 205 a horizontal section of the 


Fig. 204. 





COMMON EARTHENWARE— SETTING UP— FIRING. 297 

kiln, in the direction of the line C D. The fire-place,/, is constructed 
for wood fuel, in the manner described at page 240; it is connected 
with the ash-pit, c, at the back, and with the lowest part,/', in the 
front, the latter being bounded at the top by a low arch. The flame 
is distributed from thence through the draught-holes, f, into the 
lowest part, /, of the furnace, where the glazed ware is piled up, and 
from there to the upper region, to burn the unglazed ware, which 
is exposed unprotected to the flames. These latter then escape 
through the openings, f', of a second arch, either directly into the 
air, or as is shown in Fig. 204, into a second space, which is pro- 
vided with an open roof. This space is intended to preserve the 
heat for secondary purposes, and to act at the same time as a chimney. 
The doors, or openings for insertion, p, p' and /?", are bricked up 
before the firing is commenced. The compartment, n, of the space 
/, is occasionally used for fritting the enamel-glaze. 

Insertion of the Vessels , — The better kinds of ware, which require 
protection from the flames of the furnace, are inserted in seggars, 
or, X, Fig. 205, the commoner sorts are supported in a peculiar manner 
by means of slabs of clay, y, y. If no adhesion of the glaze were to 
be feared, the vessels might be piled one upon another without fur- 
ther support, and the slabs of clay would only serve to preserve the 
layers distinct, and diminish the pressure upon the lower vessels. 
The angular slabs of clay especially prepared and fired for this pur- 
pose are supported on massive clay pillars, and fitting close to each 
other at their edges, form a connected floor, upon which another 
similar floor is then erected, and so on. The vessels are arranged 
betw’een the floors. In order that the flame may have free access to 
all these compartments, the corners of the slabs are cut out in the 
form of arcs of a circle, so that on connecting them, round holes are 
left, which must be exactly above the apertures, ^ t. The biscuit- 
ware is partly exposed unprotected and piled one piece upon the 
other, without the intervention of slabs; this is the case with the upper 
layers in but not wdth the lower layers. 

The lovrer degree of heat in these furnaces is advantageously 
obtained from hard wood, as that of oak or beech; white ware cannot 
well be fired with coal as fuel without the protection of seggars. 
The pieces are separated from each other in the seggars by triangles 
and pegs. The seggars and slabs of clay must always be glazed for 
the reasons assigned at page 286. 

Firing , — The first fire lasts fifteen or sixteen, the second from 
twelve to fourteen hours. The temperature in the lower parts of the 
furnace is about 27° Wg. The botly of the ware, the density of 
which was nearly the same in several specimens (2.363), shrinks 
from 10, 12, 14, to even 15 per cent., according to its composition. 

The glaze is composed of quartz-sand, soda, common salt, and a 
mixture of calcined tin and lead. 'Fhe two metals are more oxidizable 
when mixed, than singly, the oxide of tin (SnO^) produced, acting 
the part of an acid to the oxide of lead, (PbO). To prepare this 
mixture, the lead with about ^th of tin is placed in a special furnace, 
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wliere it is exposed to the heat and a current of air. A yellowish 
ash of tin and lead is gradually formed, which must be calcined for 
a length of time, in order to oxidize thoroughly all the metallic par- 
ticles. This metallic ash is mixed with an equal quantity of sand 
free from iron, about 18 per cent, of soda, 4 to 5 pef cent, of com- 
mon salt, and as much minium, (proportions which are naturally subject 
to variation in the different localities,) and the whole is fritted in the 
space C of the furnace. When the ash contains a larger proportion 
of tin, a harder enamel is produced, and vice versa. The usual pro- 
portions are about I or 2 equivs. of tin to 3 equivs, of lead. 

The frit is ground, disseminated through water, and the vessels are 
covered with it by dipping. 

Stove or Batch Tiles . — The manufacture of vessels from enamelled 
earthenware has fallen into disuse in the same degree as the different 
kinds of fine earthenware (stone- ware) have come into more general 
consumption. 'Fhis remark, however, does not apply to another 
application of this material, which is of considerable importance and 
extent, at least in Germany and France, where it is used for the 
production of stove or Dutch tiles. These are composed, as is W’ell 
known, of slates of enameled clay, of which the porcelain stoves, so 
esteerned in Northern Germany, are constructed. The difficulties 
attending the production of this kind of pottery are considerable, and 
will be best appreciated by a description of the defects to which the 
common kinds of earthenware in general are subject. The nature 
and properties of the glaze (enamel) are in no kind of clay-ware so 
different from the nature ot the body as in this common earthenware 
(fayence), and in no other kind are the two, glaze, and body, so little 
interfused and incorporated with each other, while the coating of glaze 
is necessarily thick, in order to hitle the color of the material. The 
addition of carbonate of lime (marl) to the mass, is intended to effect 
a more firm adhesion of the two substances, (by partially melting into 
the body of the glaze,) and it does this, although at the expense of the 
solidity and power of withstanding fire of the ware. In consequence 
of the dissimilarity of the glaze and the body, their power of expan- 
sion by heat being different, common earthenware is more subject 
than any other kind of pottery to craze or crack as deep as the coating 
of glaze, becoming as it were covered with a kind of net-work. 
This, in the case of dishes, &c., enables fluids and the fatty substances 
of the food to permeate the porous mass below^ and produce spots, 
which eventually destroy the utensils, and render them very foul to 
the smell. When a more substantial glaze is given to the vessels, 
on the contrary, they are more liable to crack through the entire mass! 

It is for this reason that these vessels are so badly adapted for house- 
hold purposes, not being able to withstand the action of hot liquids; 
in the Dutch tiles, where the mass is often highly C(»lored, and the 
glaze consequently thicker and more ’uneven, and which are exposed 
to sudden and extensive changes of temperatur^e, this defect is much 
more prominent, and the enamel sometimes peels off completely, 
Ihe manufacture of tiles, in which both the glaze and the mass ^ail 
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withstand the action of heat, is a problem by no means thoroughly 
solved, and the defect in the tiles is often obliged to be compensated, 
by lining those parts of the stoves which are exposed to the strongest 
heat with fire-brick, so as to moderate the heat before it reaches the 
tiles. The stove-makers are also much restricted in their manufac- 
ture by the necessity of avoiding all unnecessary expense. 

The body for Dutch tiles generally consi.sts of a mixture of several 
kinds of clay, to which a certain quantity (about the half) of sand or 
ground fragments of earthenware is added, as cement. The latter 
addition is, however, generally too expensive. The ingredients are 
suspended in water, and the deposited mass is worked in clay-mills, 
or kneading-machines {see Fig. 191), and stored away in cellars. 
Masses of this kind generally contain very little lime; they do not 
easily crack, but are subject to the crazing of the glaze. It is cus- 
tomary in some places to prepare the body of the tiles of a coarser 
material, and to cover the surface with a thinner layer of finer sub- 
stance before applying the glaze. All the experience that has been 
collected, particularly that of Pirhenot and Barral, tends to show that 
the mass, and not the glaze, is the cause of the defect, and to correct 
this, must be the object of future exertions. 

Pichenot first endeavored to produce a calcareous body from plastic 
clay, marl, sand, and ground fragments of biscuit (a body analogous, 
therefore, to that employed for the vessels themselves), and to prevent 
the tendency to craze by a very careful kneading process, and in this 
he succeeded to a certain extent. The burnt material which he em- 
ployed, contained 56 silica, 28 alumina, 14 lime, and 1 oxide of iron, 
while the amount of lime in the ordinary mass is only about 1 or 2 
per cent. The entire contraction, amounting to 9 per cent., formerly 
5 or 6, takes place during drying, and in firing no further contraction 
occurs. 

A mass, like Pichenot’s, affords a wavy, somewhat unsightly glaze. 
Barral has proposed an improvement Upon this, which consists in 
applying a layer of finer material composed of plastic clay, marl, and 
cement, previously finely sifted. This coating affords a better sur- 
face for the glaze, but the tiles nevertheless will not stand the direct 
action of the fire, and this is chiefly owing to the lime which they 
contain rendering them more fusible and precluding the possibility of 
firing them at so high a temperature as is desirable. 

If a glass-frit, composed of sand and potashes (or soda), is employed 
instead of sand alone, very refractory plates are obtained, which, how- 
ever, become too costly. 

The glaze and the mode of applying it are the same as has been 
described for vessels. In Berlin, white glass is added to the enamel, 
and any color that is desired, can of course be given to it. Pure 
white enamel is the most difficult to obtain, marbled is less so. 

Very excellent Dutch tiles are made in the manufactory of Feilner, 
in Berlin. 

An ornamental appearance is given to clay slabs and tiles by in- 
troducing colored figures upon a uniformly colored ground, without 
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perceptibly projecting. The figures are first impressed by a kind of 
stamp or die, and the hollow impressions, when the files have been 
dried, are filled up with a colored material, which is again allowed to 
dry and is then glazed. 

Brown Earthenware . — The brown earthenware of which, for in* 
stance, the vessels are composed, in which the Strasburg goose-liver- 
pies are exported, is of quite a distinct kind. The distinction lies 
more in the glaze than in the proportions of the ingredients in the 
body; the glaze is not an enamel but a lead-glass colored to opacity 
by manganese and iron. A comparison of the proportions used for 
making the brown Parisian porcelain with those stated above for the 
w^hite, will show how very similar they are in composition. 

The mass composing the brown porcelain is prepared from : Tlie glaze contains* 


Plastic clay from Arcueil 30 Minium - - 52 

Greenish clay marl (from above the gypsum) - - 32 Perox. manganese 7 

White marl (from the gypsum formation) - - 10 Brick powder 

Yellow marly sand (from below the gypsum) - - 28 (from red bricks) 41 

100 100 


4 . ORDINARY potter’s- WARE. 

Historical , — The potter’s art is one of those which obtains the 
earliest development amongst nations in their transition from an un- 
civilized state to one of greater culture. The development of the art 
of pottery is consequently one of the most important points in the 
history of the civilization of the moderns as well as of the ancients. 
The fragments and remains of ancient pottery have always furnished 
the antiquary with a rich source of information of every kind, and 
been a favorite branch of study. On comparing the productions of 
the moderns with those of the ancients, the different tendency of the 
two ages, as regards the technical value of the articles and the amount 
of taste displayed in their forms, is very striking. While Grecian 
taste brought the beauty of form to the highest state of excellence, 
never to b^e exceeded, the quality of the substance employed, the 
nature of the ornaments, and the inferiority of the colors, (the know- 
ledge of which was quite in its infancy amongst the ancients,) will 
not bear comparison with the lowest grade of the art, as it is practiced 
in the low countries of Europe for the supply of cheap vessels for 
domestic purposes. These make no pretensions to luxury, and are 
merely intended for every-day use, no attempts at the more general 
means of attaining perfection being resorted to. 

In a technical point of view, the antique vessels, therefore, belong 
to the lowest class of potter’s-ware, or to the same class as ordinary 
potter’s-ware, and from their great importance, are well worthy a few 
remarks in this point of view. 

It will have been obvious, at a glance, to every one who has visited 
a museum, that the antique pottery is in reality of two kinds or qua- 
lities; viz: the one composed of a coarser, not particularly homoge- 
neous mass, of coarse grain and very porous texture, and generally 
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composing the vessels of very large dimensions; the other consisting 
of a very homogeneous, fine and much denser mass, to which the 
Etruscan vases and the more common vessels of terra sigillatahe\on^^ 
which latter are found in all the Roman colonies of Germany, Eng- 
land and France. 

Amongst the first class, besides the lachrymal and cinereal urns 
from the graves of the ancients, belong more particularly the so-called 
amphorae. These are gigantic vessels, often attaining the height of 8 
feet by 3 feet in diameter, with a corresponding thickness in the 
body. 

The body is generally of a light color, but often black, soft, capable 
of being scratched with the knife, and contains a cement to diminish 
the amount of contraction. This cement is often quartz-sand; sand 
composed of calcareous spar has also been observed. In this case, 
which is exceptional, the mass effervesces with acids. Fragments of 
similar vessels (which were also known to the Celts) have been found 
in osseous caverns under conditions and circumstances which refer 
them to a period very much anterior to the history of Rome or Greece. 
The barrel of Diogenes was one of these large clay vessels. 

The finer varieties of antique earthenware are always colored in 
the body: some are black, others of a dirty-red or brown-red, others 
again of a beautiful bright-red color {terra sigillata) like red sealing- 
wax. The body is frequently very fine, i. e. prepared from a very 
pure homogeneous and probably decanted clay. The Roman vessels 
of terra sigillata^ so extensively diffused, are of the same color and 
character in all the localities where they have been found ; a circum- 
stance which it is difficult to explain, when the great diversity of the 
clays is taken into account. The antique vessels are sometimes void 
of all exterior coating, and are smoothed on the surface previously to 
being thoroughly dried ; or, they are covered less frequently with a 
layer of a lighter colored material, while the interior is composed of a 
dark colored clay: sometimes they are coated with a peculiar glaze- 
like substance ; or, lastly, ornamented with black designs upon the 
surface, which bear the same relation to painted porcelain as drawings 
in Indian ink to colored paintings. These are either brown upon 
yellow ground, or black upon bright rq/J, or vice versa. 

The numerous analyses which have been made of fragments of 
Etruscan vases, have yielded from 60 to 69 per cent, silica, 12 to 16 
alumina, 7 to 8 oxides of iron and manganese, 2 to 4 lime, and 2 to 
3 magnesia, a substance, therefore, which appears to have been 
formed from ordinary potter’s-clay. The color of those specimens 
which are black throughout is due to 1 J to 3 per cent, of carbon, derived 
from a smoking fire. These vessels have not all been fired, and when 
they have been put through that process, the heat employed has not 
been great; the moulding, on the contrary, which has obviously been 
performed upon the potter’s-wheel, is very perfect, and figures in 
relief, obtained from clay moulds, are also of frequent occurrence. 
The vessels prepared from terra sigillata are not strikingly different 
from the others in chemical composition, but are subject to greater 
voT . II. 2 a 
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variation amongst themselves. They contain more oxide of iron, as 
much as 12^ per cent., which accounts for their red color. The glaze- 
Jike surface of these red vessels is very little colored, it is remarkably 
thin, transparent, and composed of 64 silica, with 11 oxide of iron, 
and 20 soda. The black glaze is of very similar composition. It is 
quite impossible to specify whether these were obtained by means of 
sail or otherwise. The white castings which are sometimes met with 
upon red vessels consist of pure clay, containing no lime or magnesia, 
but a little iron. Designs in relief were also produced by castings, 
in a similar manner to the marbling (page 289), but of course with 
one color only. 

The coating of glaze upon the vessels, as they are met with in 
Magna Graecia, is a vitreous compound, containing a large quantity 
of iron, which resists the action of acids and caustic alkalies, but is 
readily dissolved by fusing with potash ; small splinters of the sub- 
stance are not in the least attracted by the magnet. The black color 
of this thin layer of glaze, which is very common, as well as the de- 
signs produced upon a light ground, are derived, according to Salve- 
tat, from iron and manganese, and can be imitated. 

Ordinary potter’s-ware, such as is now everyw^here produced, 
although it shares the technical character of the antique pottery, is 
destined to serve a very different purpose. The baser kinds of this 
ware are intended to afford the less wealthy classes with cheap utensils 
that are impervious to liquids ^ and will bear changes of temperature ^ 
so as to be suited for boiling, and which can be manufactured in all 
localities. The latter point implies the use of very different kinds of 
clay, and more especially such as can be obtained at the least ex- 
pense ; hence the extensive use of potter’s-clay, marl, &c. The price, 
moreover, will not admit of expensive methods of moulding, nor of 
the better arrangement of the firing-kilns. Here, as in other similar 
cases, an ill-understood economy is the mother of extravagance ; 
under present circumstances, common pottery is manufactured by a 
number of persons who are generally without the means and oppor- 
tunities of introducing improvements, even if they knew how to benefit 
by them. The waste of fuel in badly-constructed kilns is a great 
source of loss, and is to be attributed to these circumstances. The 
greater number of the varieties of clay which are worked, will not 
withstand a high temperature, even if this could be procured at a suf- 
ficiently cheap rate. The baser kinds of pottery are, therefore, gene- 
rally fired at a low temperature (and this distinguishes them from 
stone-ware), which renders them porous and of low density, and 
obliges the manufacturer to coat them with a glaze. This glaze must 
necessarily be burnt on at a temperature which is insufficient to cause 
the fusion of the mass; it is, therefore, generally a lead-glass, or a very 
easily fusible earthy glass. No reason existing for concealing the 
color of the mass (which is dirty-red, or yellowish, sometimes brown 
or grayish, seldom white), the glaze is alw^ays transparent, and may 
be either colored or not, as required. 

The crude paintings and doggerel rhymes with which ordinary pot- 
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ter’s-ware is decorated, are produced by glazes of different colors, 
(one of which forms the ground, and the other the design or the 
letters.) The low state of public taste, and partly the entire want of 
it, are exhibited very prominently in modern pottery, which in itself 
is capable of much greater perfection in point of beauty. Meritorious 
exceptions, however, are met with, as at Marburg, where the brown- 
colored vessels are neatly ornamented with designs of flowers that 
appear to advantage through the light yellow glaze. 

Body, — The preparation of the clay is confined to two operations. 
The first consists in mixing it with the necessary quantity of water, 
and allowing these two to remain for some time together, during which 
the clay is frequently turned over and stirred, that the action of the 
water may be uniform. It is then submitted to the operation of 
blunging, or is beaten up into lumps, which, in order to remove knots, 
stones, &c,, is w^orked up two or three times with the aid of a knife 
or wire, as described, more minutely, at page 263. Clay of good 
quality should be ea.sily worked on the throwing-machine, but must 
not shrink so much in the kiln as to cause cracks, and must “ carry” 
the glaze, i, e,, the glaze must be chemically constituted, so as not to 
melt down with the body, or be absorbed by it. These properties 
cannot be previously determined, and are all matters for experience ; 
the potters are in the habit of ensuring success by mixing different 
qualities of clay with each other. The addition of sand to diminish 
contraction is not unfrequent w^hen the clay is too fat. 

Glaze, — Ordinary potter’s-glaze is an aluminous lead-glass, pre- 
pared from litharge or galena, (glaze-ore.) The substances contain- 
ing the lead are finely pulverized in the glaze-mill, and mixed in 
proper proportions with loam, or for colorless glaze, with sand. The 
glaze-mills are hand-mills, similar to grain-mills, with two stones 
lying one over the other, which should be of quartz-rock. The pot- 
ters generally buy the glaze ready prepared. Metallic oxides are 
used as pigments, as far as their price will admit; znffre produces 
blue; oxide of copper, green; red antimony ore (sulphuret), yellow^; 
manganese, brown and black, and iron, red, &c 

The glaze is applied: 1. By dipping, in which case the ware must 
have been previously fired, and this renders the plan too expen.sive; 
2. By casting, or coating wdth a thick pasty glaze, the cheapest and 
T3est plan; 3. By sprinkling the moist vessels with the glaze in pow- 
der. The two latter modes are commonly practiced, but sprinkling 
the pow^der is a dangerous operation for the lungs of the workmen. 
It is not usual to pay attention to any definite proportion between the 
amounts of oxide of lead and silica in the glaze, or as to whether 
they are in combination or not. Proportions that have been tried, are 
taken, as for instance, 7 parts litharge to 3 or 4 of loam, which are 
very variable, and it is presumed that sufficient time will be allowed 
the oxide of lead in the furnace to become fully saturated with silica^ 

• This forms oxi<le of lead and lead salts (sulphite of lead,&c ) in the furnace, which 
are then deconux>8ed, and the oxide of lead combines wiili the silica. 
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Thiis, id Darmstadt, four comparative experiments were instituted, 
which clearly show, that when the heat has been sufficiently intense, 
all the lead enters into combination. Out of 12 vessels specially 
marked by the potters, 

The *^too hard fired’’ gave no indications of lead, 

“ “hard burnt” “ no indications of lead, 

“ “well burnt” “ in some cases indications of lead, in 

others none, 

“ “ill burnt” “ in every case indications of lead, 

when digested for some time in distilled vinegar. Acid liquids, there- 
fore, dissolve the oxide of lead, w^hich is uncombined or only in weak 
combination, and this is only the case in badly-baked vessels, and 
then only on the first application of the acid. The amount of lead 
dissolved, however, is very small, although some time ago a great 
outcry w^as raised against the danger attending the application of lead- 
glaze, w’hich apprehensions were totally unfounded, as endemical 
diseases must have shown themselves long since if they could have 
been engendered by the extensively-used lead-glaze, and this cannot 
be proved to be the case. Glazes, free from lead, have been proposed, 
and it has been overlooked that these have been in use for many years 
in some places. Thus, the brothers Hardtmuth, in Vienna, have long 
used a glaze consisting of 100 lbs. borax, 50 lbs. felspar, and 50 lbs. 
loam, which would answer every purpose, if it were not too expensive. 
Ordinary potash or soda-glass, with or without an earthy admixture, 
have been proposed by Feilner and Niesman, but are either too dear 
or too difficultly fusible. Siebel recommended Fuchs’s soluble glass, 
with the addition of lime; but it was not found suitable. In Bis- 
chofTswerda, Pulznitz, and Camanz, in Saxony, the glaze is composed 
of an easily-fusible potter’s-clay which is found there. In Kirchen- 
lamitz (Bavaria), on the other hand, where an excellent material is 
produced, that withstands the change of temperature almost as well 
as crucible-ware, and whence the Saxon princedoms, northern Bava- 
ria, Reuss, &c., are supplied, the glaze consists of the slag from the 
smelting-furnaces. This substance is transparent, full of air-bubbles, 
harder than glass, and gives sparks when struck wdth steel ; its color 
is either bottle-green, light or dark blue, passing into green. Both 
kinds are not acted on by acids. Reinsch, who supplies this informa- 
tion, found it to consist of : 


Silica 65.00 

Lime .... - 12.35 
Magnesia - • - - 2.56 

Potash 2.00 

Protoxide of iron - - 5.00 
Alumina . - - . 8.00 
Oxide of manganese - 4.45 

99.36 


Oxygen. 


- - 33.70 in the silica. 
3.53 


0.99 

0.34 

1.50 


^ 7.37 in the bases MO. 


o 73 j 

j "gg > 5.06 in the bases M^O,. 
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which corresponds very nearly with the formula 4 (M 0 ,Si 03 )+(Mj 03 , 
SSiOj) and is consequently not identical with bottle-glass, to which, 
however, it is nearly allied. The slag is pounded in granite mortars, 
then ground with water under the glaze-mills, and applied by pour- 
ing it over the vessels, which have been previously covered, by im- 
mersion, on the outside with a thin coating of loam, that they may 
acquire a red-brown color. After firing, the ware has a dark yellow 
tint, and is free from bubbles; this substance is mixed with more or 
less lead-glaze upon those vessels which are placed in the cooler parts 
of the kiln. The high melting-point of this slag is an objection to 
its general introduction, but this was of no consequence in the case 
described by Reinsch, with the pottery of Lamitz, which is extremely 
refractory. 

Kilns . — Ordinary potter’s-kilns are very long, horizontal, rever- 
beratory furnaces with one fire-place; or horizontal, slightly inclined, 
in cross section, very capacious channels (7 or 8 feet high, and from 
20 to 30 feet long), which are traversed lengthwise by the flame, the 
fire-place being at the one end, and the chimney at the other, where 
the aperture for introducing the ware is also situated. The fire-place 
is separated from the baking kiln by a pierced wall (Slander) (similar 
to the wall r. Fig. 185), and the whole is covered by a so-called 
barrel arch. The dimensions of the kiln and the cross sections are 
very variable in different localities. Thus, for instance, the sole of 
the kiln in Kirchenlaraitz is not rectangular, but egg-shaped, 16 feet 
long, 5f feet wide, the height in the middle is 4^ feet, at the further 
end 4 feet. The cross section is belly-shaped, so that the width of 
the sole, which is feet, is extended to 6J feet. The height of the 
mouth of the chimney from the sole of the furnace is 20 feet. A kiln 
of these dimensions will contain about 1000 pots of 4, 6, and 8 mea- 
sures (Maass). capacity, when the smaller ones are placed inside the 
larger, which is the usual practice. The temperature diminishes 
rapidly tow’ards the chimney, which must not be overlooked in pack- 
ing the kiln. In the front, or hottest part, the vessels are placed upon 
supports of 1 foot in height; further on, they are set upon the sole of 
the kiln, which is strewn with sand. The vessels that are placed in 
the hinderraost parts of the kiln are also covered wdth a more easily 
fusible glaze, for instance, lead-glaze, while those in- the front are 
covered wdth pure slag, and the middle vessels with a mixture of the 
tw^o. All the vessels are exposed unprotected to the flames, but pre- 
cautions are taken to prevent them from touching each other, that the 
glaze may not cause them to adhere too firmly together. A baking 
lasts twelve hours in one of the kilns as described at Lamitz, and 
consumes 2 stacks of pine-wood cleft into billets 3^ feet long, the 
half of which, however, may be considered as wasted. Further der 
scription and illustration of ordinary potter’s kilns is unnecessary, as 
these common w^ares are frequently baked in the same kilns wdth 
stone- ware and bricks. We refer, therefore, to what will be described 
hereafter upon this subject, and more particularly to the description 
of HenscheFs brick-kiln. 
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v - A thK)winte*machine, siinUar to that shown in Fig. 16^ birf geiic- 
rally-of much cruder construction, is employed for moulding the ves 
«els. With the exception of the measuring-rule, no in^ruments are 
employed in the operation. The application ot glaze to this ware is in 
many cases inadmissible ; for instance, for flower-p^s, sugar-moulds, 
fitc.; in others it is omitted in consequence of the difficulties attending 
it. This is the case with the vessels so remarkable in their dimen- 
sions, which were used in ancient times, instead of woodmen barrels, 
for storing oil, wine, &c. (already noticed under the name o\ amphora)^ 
and which are still used for the same purposes in the south of Europe, 
in the East, and in America. The French call them jarres; xht 
Spaniards, timjars ; theltalians, orda ; and the Armenians, koupchtves. 
They are known to the Hottentots in Africa, also in Java and in the 
Brazils. They weigh as much as 4 cwts., and hold from 600 to 1 ,900 
lbs. of liquid, as much as 6 Ohm (« about 180 gallons) therefore. 
The mass of which they are composed is coarsely granular, and con- 
sists of a mixture of potter’s-clay and sand. The moulding is per- 
formed simply with the hand, and the sides are built up with long 
ridges of clay, which lie one upon the other, like rings, or are inter- 
twined in a spiral manner. Both surfaces, the inner and the outer, 
are then smoothed, and the handles and ornaments are fixed on. The 
firing is effected in kilns which are constructed to contain about 40 
pieces. 

Coolers, — Cooling-jars and vessels form a good illustration of the 
use that is made of the porous nature of unglazed clay. They are 
used in hot countries for holding water, and retaining it at a tempera- 
ture several degrees below the surrounding atmosphere. The water 
permeating the vessels through the pores, arrives at the outer surface, 
and evaporates with great rapidity in consequence of being spread 
out in a very thin layer. The considerable amount of heat, therefore, 
which water absorbs in evaporating, is rapidly removed from the sur- 
rounding objects, or in this case, from the cooler with the remainder 
of the water. The temperature in the interior must, therefore, be 
lowered, and this will continue as long as water remains in the vessel 
and permeates the sides. The cooling, however, does not amount to 
so much as is generally stated ; thus, at Sevres, where the tempera- 
ture of water in an ordinary vessel was compared for experiment with 
that in a suspended cooler, it was found that the latter was 3°, and 
at most 5^ below the former; this difference would of course be greater 
if the temperature of the water were compared with that of the air. 
The difference in southern climates may possibly amount to twice as 
much. 

In South America these vessels are called canaris; in Egypt, 
qiiolleh or bardach; in Spain, bucaros alcarazzas. The porosity is 
increased by giving only a slight degree of heat in the kiln, and by 
the admixture of substances which are destroyed in the fire, and 
leave minute pores in the mass. Common salt may also be mixed 
with the clay, and subsequently be dissolved out with water. 

It frequently happens that a very large demand for particular 






Articles of class of wares is created in certain localitiesfand their 
production is then carried on upon a manufacturing scale with care 
and attention, as the case may demand. In illustration of the pro- 
cesses then adopted, it will be better to confine our attention to a 
single instance, and a concise description of the manufacture of clay 
pipes for conveying water, &c., as carried on at the manufactory of 
Reichenecker, at Ollweiler, in Alsace, will answer our purpose. 


CLAY PIPES OR TUBES. 

The material employetl for these pipes is a pure plastic clay, which 
is always mixed with another of a less pure nature, containing oxide 
of iron, sand and mica, in certain proportions which it is essential to 
observe. Ground fragments are always added to the mixture. These 
latter are crushed under stampers, and the crude clay, when too dry, 
is treated in the same manner, and brought in the finely crushed 
state into a cistern, in which, by means of a stirring-machine, it is 
agitated until it forms a thin slip, which is then allowed to pass 
through a revolving cylindrical sieve. The coarser particles remain 
in the cylinder, and fall through into a separate vessel, while the pure 
clay passes through the wire meshes into the settling-pit where it is 
deposited ; the water is then drawn off, and the clay paste is conveyed 
to the mixing-pits, w’hich are lined with planks, are situated side by 
side, and in connection with the kneading-machines betw^een them. 
The different ingredients having been softened with w^ater and mixed 
in the front pit, the compound clay-mixture is passed through the 
kneading-machine into the second, or storing-pit. The kneading- 
machine consists of two cylinders, which revolve with different velo- 
cities, (and consequently exert a tearing action), the distance between 
them being regulated by two screw’s. A wooden hopper, or funnel, 
conducts the mass of clay between the rollers. The clay being thus 
thoroughly kneaded, is in a proper state for moulding, and this is 
effected by setting a powerful hydraulic press in action. The object 
of this instrument is not merely to mould the pipes from the soft clay, 
but more particularly to increase the density of the material by pres- 
sure, and thus ensure the durability which is required to withstand 
constant pressure and the action of liquids. In order to bring the 
separate particles of the mass into the proper degree of proximity, it 
is not sufficient to exert a powerful pressure, unless the clay possesses 
precisely the proper degree of dryness, which is difficult of attain- 
ment. When the interstices of the clay are completely filled with 
water, this very inelastic liquid, retained in its place by capillary 
attraction, resists most pertinaciously the action of the fy*^ss; and 
when the clay is over dry, the moulding becomes too difficult. To 
secure the proper mean between these two extremes and retain a 
uniform state of moisture throughout the clay, it is usual to place the 
half-dried balls, of about 8 inches in diameter, upon a smooth stone, 
and beat them into the form of a flat cake, that no moist nucleus may 
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renaain in the interior while the outer surface becomes dry. These 
cakes are then cut in half, horizontally, and again beaten together 
with the inner surface exposed. 

The process of moulding with the hydraulic press is kept a secret 


Fi«. 206. 
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at the manaiactory ; but a similar process will be described below^ 
under the head of fire-proof clay-wares. 

The following are the description and drawings of Reichenecker’s 
machine : 

The machine consists 1st, of a hydraulic press, attached to frame- 
work, and which exercises a downward pressure ; 2d, of two hollow 
cast-iron cylinders, fixed 
near each other in a mova- 
ble frame or cradle, so 
that they can be brought 
alternately under the ram 
of the press. Th'e mate- 
rial which is to be manu- 
factured, is placed in the 
cylinders, and as it is 
subjected to a very strong 
pressure, these must be 
carefully bored. The 
moulds for the pipes are 
attached to the lower end 
of the cylinders; 3d, of a 
number of conical moulds, 
which pass into the cylin- 
der from below, and which 
can be changed according 
to the nature of the article 
to be manufactured. The 
materials are forced and 
d raw n th rou gh t h ese for m s , 
and made into tubes or 
any other articles, w^hich 
may be cut to any desired 
length by an iron wire. 

The drawings represent 
the machine in various 
positions, as it is used in 
making water-pipes. 

Fig. 206 is the eleva- 
tion of the entire machine. 

Fig. 207 is a vertical sec- 
tion of the same. A re- 
presents the framing; B 
the cross-beam upon 
which the movable cradle 
rests ; C D are the upper 
cross-beams ; a is a dou- 
ble pump for the hydrau- 
lic press, which is always 
kept supplied with wa- 


Piff. 207. 
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ter; 6, a copper pipe for conveying the water to thie cylinder; c, the 
working-cylinder; 2f, an opening for admitting the air at pleasure^ 
which is made tight by means of a screw; e, ram of the press, which 
passes into o\ff^ rods which are attached to the ram for the purpose 
of raising it after each operation : these rods pass through the cross- 
piece to the upper side of which they are bolted by screws. A 
block A, is fixed to the middle of the cross-piece, in which there is a 
pulley f, and the rope round this pulley has a hook at one end. The 
rope passes over another pulley /c, which is fixed in the cross-piece 
D, and winds round a drum /, on one end of whose axis is found the 
toothed wheel working into a small pinion ti, moved by a crooked 
handle. When the ram is to be raised from the cylinder, it is only 
necessary to turn the handle of the pinion n\ o o, are the cylinders 
for the material, and at the under side are the conical moulds/?, which 
have a circular opening; 9 is a cast-iron cone, which is suspended to 
the centre of the mouth-piece by the rod r. The rod passes through 
a cross-piece 5, the square edges of which are removed, and which 
is cast in one piece with the mould; t /, are cradles upon which the 
cylinders 0 0, are secured, and to which tw^o polished cast-iron soles 
are attached, so as to be easily movable on the cast-iron rails which 
rest upon the cross-beam B\ A is a toothed rod, which is screwed to 
the cross-pieces y y y, of the cradle or frame ; Z, the lever by which 
the framing is moved so as to bring either of the cylinders under the 
ram of the press. 

Fig. 208 is a ground plan of the cylinders, framing, and pump, 

Fig. 208. 



Fig. 209. according to the line A By 

■’ ' in Fig. 207. Fig. 209 is 

a ground plan of the upper 
part of the framing, accord- 
ing to the line C 7), Fig. 
207. 

When the materials have 
been properly prepared, and 
are in such a state of con- 
sistency as to be fit for the 
— press, they are thrown on 



STONES COMPOSED OF CLAY— BRICKS. 


311 


the table JE, in large masses. One workman fills the cylinder with 
these masses, while another beats them down, so as carefully to fill 
the cylinder without leaving any empty spaces. The top is covered 
with an accurately-fitting leather disc, and while the press is at work 
with this cylinder, the other, outside, is being filled. The pipes are 
removed at the bottom, by a w’orkman, on a wooden tray. 

The moulded pipes are dried in the gallery of a baking-kiln, being 
placed upright on a perforated support. Any other inclined position, 
or any obstruction to the draught of air passing through them, causes 
them to bend in drying; a w’ant of uniformity then occurs, cracks are 
produced, and it is quite impossible to obtain tight and well-formed 
pipes. However dry the pipes may be when placed in the kiln, even 
when they contain precisely the proper qnantityof cement, many will 
always crack during firing, and always in a longitudinal direction. 
They would crack in a cross direction if any obstacle stood in the 
way of their contraction in length; an obstacle of this kind is only 
opposed to the contraction in diameter. The circumference of the 
pipe is shortened by the particles coming into closer proximity on the 
side where the contraction takes place, and separating or cracking on 
the opposite side. The furnaces are upright; the upper part for the 
first firing (biscuit), the lower for the glazed ware. 

The application of the hydraulic press renders these pipes suffi- 
ciently strong to resist a pressure of from 35 to 40 atmospheres (above 
1000 lbs. on the square inch), which, wdth pipes manufactured in the 
ordinary manner, would be perfectly impossible. Their dimensions 
are from 12 lines'^ in diameter with 5 lines thickness of substance, to 
100 lines diameter and 10 lines thickness; their length may be 1 
metre=4 feet Hessian. The running metre of a conducting pipe, 
including the connecting-pieces, weighed, of the first size, 3 lbs., of 
the last, 100 lbs. 


5. STONES COMPOSED OF CLAY. 

Historical , — It may be stated as literally true, that tiles and bricks 
are as old as history ; the necessity for building in localities where 
stones could not be procured, and the observation that clay becomes 
hard by drying and burning, led at a very early period to their em- 
ployment. 

Artificial stones composed of clay have been in use as building 
materials since the period when the first civilized nations flouridi^ 
betw’^en the rivers Tigris and Euphrates. In the ruins of Babylon 
and of Nineveh, very lately discovered by the French, immense masses 
of them are found, mostly composed of coarse material, crudely put 
together, and in an unfired state. They are nearly all covered 
inscriptions in cuneiform letters, which it is remarkable were all ille^ 
gible from without, being purposely built in. ^he extraordin^# 
durability of these porous stones is astonishing,, ^nd it coulijt 
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have been so great in a climate subject to more raiii» Len.ormant 
also found some unfired stones in the ruins of Sais, which roust con^ 
sequently have been 3000 years old. The practice of mixing straw 
or other vegetable matters with the clay, in order to ensure greater 
solidity, forms the subject of dispute between the Jews and the King 
of Egypt, in Exodus, chap. v. The palace of Croesus, of Mausolus, 
of Attalus, and other extremely ancient buildings, w^re constructed 
of beautiful red, hard-burnt stones. It is said of Augustus that he 
transformed Rome from a brick into a marble city. 

The object and the material . — The stones that are prepared from 
clay, are intended to replace natural stone whenever this is not to be 
had, or where the hewing and cutting are too expensive. The clay is 
moulded at once into such a form as is most convenient for the pur- 
poses for which it is intended to be used ; thus, rectangular, many- 
cornered and wedge-shaped cakes are formed, (wall-bricks, paving- 
tiles, arch-stones,) or rounded and curved pieces, (as roof-tiles.) The 
thickness of these cakes never exceeds a few inches, in consequence 
of the contraction and difficulty of drying; and in the case of roof- 
tiles, &c., it is only sufficient to prevent brittleness and bending, and 
does not extend beyond a few lines. 

To secure the proper solidity of these stones composed of clay, they 
are either simply dried clay slabs, or more or less burnt and baked, 
forming bricks and tiles. Economy in the production is a most essen- 
tial point in the manufacture of these stones for building purposes, as 
they have always to compete wdth natural stone. For this reason, 
they are seldom ornamented with color, or diversified in form; the 
preparation of the clay and its purification is confined to very simple 
processes; all extra expense in digging or conveying the clay to a 
distance is for the same reasons impracticable. The clay employed 
in the manufacture of these articles is, therefore, such as occurs in 
all places near to the surface. The loam and marl^ or the clay de- 
posits of more recent formation, are consequently the materials of the 
brick and tile-makers. A better article is of course produced where 
potter’s-clay or plastic clay can be obtained. These clay-stones being 
much thicker and more massive than any potter’s-ware, are necessa- 
rily subject to much greater contraction or shrinking during firing, and 
will, under the same circumstances, be subject to crack and split, 
where thinner ware would remain sound. This defect is remedied 
as much as possible in the tileries, by mixing substances with the 
clay that are not liable to shrink in the fire. Sand, calcareous marl, 
coal and coke refuse, peat refuse, saw-dust, &c., are suitable materials, 
and sufficiently cheap for this purpose. Sometimes brick-earth con- 
tains sufficient sand or lime, at others a proper mean quality is obtained 
by mixing brick-earth that is too fat (that contracts too much) with a 
poorer variety (containing sand or lime). A few examples will ren- 
der this practice more intelligible. 

The fine muddy particles wffiich are carried away by the rivers, are 
deposited, when the current has lost a great part of its velocity, long 
after the coarser particles hare fallen or been left behind. This hap- 
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pens iti the mouths of rivers where the extensive deposits of alurnin^^ 
ous ^nud form the so-called deltas^ and afford an excellent building 
material for the surrounding inhabitants. 

Selection of the Clay . — From sources such as these, the brick and 
tile-makers in Holland, in the neighborhood of London, at the mouth 
of the Ganges and of the Nile, obtain their clay. In Holland, the 
mud from the bed of the Yssel is scooped up in sacks, and mixed 
with pit-clay to produce the material for making bricks. 

At Paris, the plastic clay from Arceuil, Vauvres, &c., is used, 
mixed with refuse coal. Cheaper stones, but of inferior quality, are 
prepared from §ds of a ferruginous sandy clay (which does not effer- 
vesce with acids, and consequently contains no lime or alumina) of a 
red color, and Jd of a calcareous gray sandy marl. The mass which 
composes the clay tiles so extensively used for floors, is an aluminous 
marl which occurs in the hills of Ecouen. 

In London and the neighborhood, where, as in the greater part of 
England, bricks are the only material employed for building, the 
clay is obtained from the alluvial deposits which lie above the London 
clay in the London basin. When a cross section of these deposits 
is exposed, three several layers, differing in composition, may be 
dislinguished. The lowest consists of clay containing gravel of all 
kinds, with fragments of chalk, &c., which is not generally used, and 
which passes gradually into the middle stratum (called malm), which 
likewise consists of clay, but mixed with finer fragments of chalk and 
sand instead of coarse gravel. In the upper layer, the clay prepon- 
derates, the gravel and sand are much less prominent, and so little 
lime remains, that the clay hardly effervesces with acids. The clay 
of the upper stratum is too fat, and is mostly worked up with coal 
cinders, (a mixture of ashes and small pieces of coke, which is col- 
lected from the fire-places of the town,) or with sand. The clay from 
the middle stratum only requires cinders, and no sand. The bricks 
of which the greater number of the London houses are constructed, 
are composed of the same earth that is dug from their foundations. 

In America, the brick-earth is often advantageously mixed with 
refuse anthracite. Loam, mixed with sand, is the material chiefly 
employed in Germany. 

Properties of good Bricks . — An opinion upon the value of any kind 
of earth for the production of bricks and tiles, can only be iormed 
when the conditions which good bricks, &c., must fulfil, are borne in 
mind. These are: — 

1. Bricks must be sufficiently hard and firm to support the height 
of wall which is piled upon them, without giving way, and they must 
also not be subject to break by carriage. The latter is particularly 
necessary with tiles. 

2. In order to withstand pressure, the bricks must lie flat, and not 
hollow, upon one another; they must, consequently, have a straight 
and smooth surface, without hollows and cracks, which would diminish 
their pow’er of resistance. 

3. Great weight or density is also objectionable, as for building, 
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excessive weight is equivalent to want of solidity. In tiles that are 
employed for roofing, lightness is the most essential property. It is 
of no less importance that the bricks should possess the proper degree 
of adhesion for the mortar, a circumstance which is dependent on the 
density and porosity of the mass; the wet ©ortar must adhere to 
them in such a manner that it will form a durabV’ cement when dry. 

4. Bricks must likewise be capable of being dressed and formed 
with ease and certainty, i. e., they must be hard and'>f uniform struc- 
ture throughout, so as not to fall to pieces under tb-’ trowel, or split 
with difficulty, and in a direction contrary to that desired. 

5. The influence of moisture and cold must not cause them to fall 
to powder or disintegrate. 

6. Lastly, bricks that are intended to resist higher and often very 
high temperatures, as in flues, fire-places, chamber stoves and fur- 
naces, must be constituted of such materials as will enable them to 
withstand sudden changes of temperature without fracture, and very 
great heats without fusion. In manufactories, smelting and other 
works, this property is of such paramount importance that the manu- 
facture of bricks for this purpose has become a separate branch of the 
art, and will consequently be specially noticed below, under fire- 
stones. 

The first glance will be sufficient to convince us that several of 
these properties must be altogether dependent upon the method of 
moulding and firing the bricks, whilst others, as the fatdts stated 
under three, five and six, must be attributed lo an improper mixture, 
or to the impurities of the clay employed. Almost every variety of 
clay used in brick- making is either by nature a mass devoid of uni- 
formity, or IS an imperfect mixture of several kinds of clay. In both 
cases the want of uniformity will be perceptible in the finish«vl brick, 
either as a difference of color, or by the les.ser drgree of solidity in 
parts, and the irregular mode of splitting when struck by the trowel. 

^ Lastly, these varieties of clay nearly always contain foreign ingre- 
dients, which are very injurious if not removed. 

Amongst these may be reckoned lime, which ih not equally <lis- 
seminated through the particles of clay, particles of iron pyrites, small 
stones and gravel, organic remains, &c., all of which will be affected 
differently from the burnt clay, and will consequently destroy its uni- 
formity. '' 

"When claj, for instance, contains loam, particles of limestone, 
chalk, nodules or calcareous petrefactions, these will be burnt in the 
kiln to caustic lime, and will only melt with the clay where they 
come into actual contact with it. Whenever an opportunity occurs 
of water having access to the brick, and being able to penetrate to 
these nodules, the lime is slaked, expands, and destroys the brick. 

Iron pyrites will be decomposed in the same manner, a portion or 
the whole of the sulphur will burn off, leaving a quantity of ,.,ae of 
iron (or basic sulphate), which is insufficient to fill up the space pre- 
viously occupied by the pyrites. All foreign substances in ,<he clay, 
even those which are not altered in the fire, are objectionable, as they 
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produce cavities, which after burning are never entirely filled up, 
The cause of this is obvious. A small stone, for instance, expands 
in bulk in the fire, but the mass of clay contracts considerably and 
permanently. A cavity is thus produced by the stone in the clay, as 
the former contracts on cooling more than the clay, which cavity is 
no longer filled up by the stone when cold ; the brick has therefore a 
tendency to break at that part in preference to any other. 

Vegetable remains, roots, &c., are equally objectionable; they leave 
cavities when consumed, w’hich the clay cannot prevent, in conse- 
quence of its porosity. Substances of this kind often occasion the 
splitting of the bricks by a sudden evolution of gas. 

When larger rounded stones remain mixed with the clay, they 
often appear as projections after burning, if they happen to have been 
situated near the side of the brick. These stones do not alter their 
position in the fire, while the clay surrounding them contracts or sinks 
in. 

The properties of the burnt bricks enumerated above, and their 
possible faults, are the guides for directing the selection of the clay. 
It is, however, nearly impossible to ascertain the applicability of any 
kind of clay without a direct trial. Although the mode of occurrence, 
the color, the plasticity, degree of purity, property of effervescing or 
not with acids, may all help in enabling the brick-maker to form a 
correct opinion as to the nature of the clay, yet it is always advisable 
to obtain complete certainty as to the suitableness of the clay for the 
purposes desired, by burning a few bricks by way of trial. The 
cases are naturally not frequent in which clay is obtained with all the 
requisite properties, and it requires a long series of experiments to 
ascertain what proportions of fat and poor clay, sand and other sub- 
stances, should be mixed together in order to obtain a brick-earth of 
the proper quality. If the clay is too fat, the bricks will be denser 
than they should be, with too little porosity, and subject to bend and 
crack in the fire; if the clay is not fat enough, the bricks will be 
soft, and easily fall to pieces. In making these trials, the ultimate 
application of bricks must of course be considered. Clay may be 
very applicable for tiles, which is much too fat for bricks, the large 
amount of contraction being comparatively of little importance for 
the former application, and admitting of being more easily moulded, 
and yielding a denser, firmer, and more durable product xhm could 
be obtained from a poorer clay. Roofing-tiles can consequently be 
more easily manufactured from fat clay. 

Fresh clay is not adapted for immediate use, partly on account of 
its impurities and want of uniformity, partly from the variable and 
insufficient quantity of water which it contains, but more particularly 
because it requires previous admixture with the substances mentioned 
above. 

The ordinary processes followed in preparing clay consist in expos^ 
ing it to the air for some time^ pitting and treading it. The ex^sure 
of the clay to the weather and the air is practiced with the view, of 
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(toliomog it, and rendering it porous by time, which, if done knnie^^ 
diately, would demand much labor and expense. 

Frost is of essential service in rendering the clay porous; as nrt 
also rain and dew, which gradually permeate the clay and render it 
uniformly moist, and, in conjunction with the atmospheric air, disinte- 
grate the foreign sv.bstances which are disseminated through it. A 
mzen lump of clay, as is well known, breaks up into a fine mud as 
soon as it thaws; the water, which penetrates the clay by capillary 
attraction, expands when converted into ice, and thus forces the par- 
ticles of clay asunder, and these remain in this state, if the clay is 
prevented from becoming dry. The frost should, therefore, always be 
allowed to exert this action whenever it is practicable, and the clay 
be left to weather for several months. 

Whether this process has been effected or not, the clay is always 
exposed in the pit (a boarded or plastered tank), and covered with a 
sufeient quantity of water to immerse and soften all the lumps, 
which operation is accelerated by frequent forcible agitation. 

When the clay has taken up so much water, and has become so 
soft as to yield easily to pressure, the treading operation commences. 
A moderately thick layer is spread out upon a wooden floor, and 
trodden wdth the naked feet. A great advantage is gained by tread- 
ing with the naked feet^ as the workman is enabled to feel whether 
any roots or stones are mixed with the clay, in which case he removes 
(hem, and these w'ould not be perceived if the operation were per- 
formed with boots or under stampers. More water is now poured on 
the clay, if necessary, and then again fresh clay, until the whole has 
become so stiff as to impede (he action of the feet. If (he brick- 
earth is composed of different kinds of clay, these should be mixed 
in the proper proportions in the pit. The sand, coal-ashes, peat re- 
fuse, and similar additions, are sprinkled over the clay on the (read- 
ing-board and worked up with it. The treading must be kept up 
until the clay appears uniformly soft and moist through the whole 
mass. If this precaution were not observed, the less moist portions 
would contract more than the others, and distortions would occur. 
Clay prepared by treading, however, is never so perfectly uniform as 
the mass from which vessels are formed. The prepared clay is stored 
away in places (pits) where it can be prevented from becoming dry. 

Whet^ver there is an extensive bed of clay and a regular and con- 
siderable demand for bricks, &c., where permanent brick and tile- 
works can be established, and more costly and perfect arrangements 
are practicable, as in the vicinity of populous cities, the preparation 
of the clay is carried on with much greater care, at more expense, 
and not unfrequently \:ith the assistance of machinery. In England, 
for instance, the weathered clay is suspended in water, like slip, 
which is passed through a sieve, that separates the coarser particles, 
into a pit, wheri it is allowed to settle down. The excess of water 
is drawn off and evaporated, and the requisite addition of lime is made, 
if necessary. The cinders, however, are always trodden in; 1 to 
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inches, accdrding to the degree of fatness, being sifted on to a layer 
of clay about three feet thick. 

Elutriating Machine . — In the manufactory of Henschel, in Cassel, 
where stones, pipes, and architectural ornaments are prepared from 
clay, a machine is used for softening and working the clay, which 
enables the manufacturer to dispense with the operation of treading. 
This simple machine, Fig. 210, consists of a quadrangular wooden 


Fig. 210. 



trough a a a ay which is supported on the beams d d d. These latter 
are attached to the piles, 6 6 6, which securely fix the whole. Through 
the centre of the trough a wooden shaft, shod with iron at both ends 
0 0 0 , passes, from which 19 spokes,'c c c, project in such a manner 
as to form an angle of 45^ with each other. The iron axle x Xy of 
the shaft o, passes at both ends through the narrow sides of the trough, 
and is supported on the outside on the mortices y and y. At a/, the 
drum r r, is fixed to the axle, which, by means of a belt, completes 
the connection of the machine \vith the motive power. When the 
trough has been properly charged with clay and water, it is covered 
on the top wuth a lid and the shaft is set in motion. The arms or 
spokes then separate, knead, and thoroughly mix the clay, until it is 
converted into a uniform slip. The fluid mass is then passed through 
a sieve into the mixing-pit, where the necessary additions are made, 
and the whole is transferred to the clay, or pug-mill. Fig. 191. The 
purification or cleansing of the clay is not altogether dependent upon 
the sieves, but, to a certain extent, upon the action of the machine 
itself. It will be seen in the drawing, that the spokes c c do not 
reach to the bottom or sides of the trough, but revolve at a distance 
of some inches from it, and some space is also left in the corners. A 
soft layer of clay settles down immediately in these parts, w’here it 
remains untouched by the spokes, and is, consequently, not converted 
into slip. All the coarser particles, stones, &c., press into this soft 
layer during the time the mill is at work, and are thus removed from 
the clay. 

In Feilner’s manufactory, at Berlin, the trough is constructed of 
cast-iron, the lid of w^ood, and the arms c c are three-pronged at the 
extremity. 


BRICKS— MOULDING B¥ HAND AND MACHINERY. 

Moulding by hand . — The moulding operation in the ordinary brick 
and tile manufactories is simpler than is the case with any other 
kind of clay-ware. The workman is supplied with a stock of clay 
by his side, a table or bench before him, and a helper. The moulds 
are four-sided frames of wood, or better, of brass, larger than the 
finished bricks, in proportion to the contraction which the latter 
undergo. The frames themselves only mould the four narrow sides 
of the brick, the one broad surface being produced by the table w’hich 
supports the frame, and the other by a straight piece of wood, with 
which the workman scrapes away the excess of clay by drawing it 
straight- along the upper edge of the frame. To prevent the clay 
from adhering to the mould, the wet mould is rolled in sand, which 
causes the moulded brick to separate, without bending or loss of time, 
from the mould. The operation is conducted as follows: the workman 
throws a lump of clay with great force into the sanded mould before 
him; the mass, which has become flattened by the shock, is forced 
into the corners by one or two rapid strokes with the hand, and that 
'which projects beyond the mould is scraped away with the flat board. 
At this moment the helper returns with an empty frame, places it on 
the spot previously occupied by the filled one, and carries the latter 
to the drying-place, where it is deposited upon the exact spot that 
is to be occupied by the brick during the first part of the drying. As 
soon as the frame is withdrawn, which must be done with care, to 
avoid injury to the corners and edges of the brick, it is dipped by the 
helper into w^ater, then into sand, and speedily carried back to the 
moulding-bench, to be exchanged for the first, which by this time 
has been re-filled. 

The number of bricks which a workman can mould in a certain 
time is always very considerable, but depends very much upon the 
ability and strength of the moulder. The statements are, in conse- 
quence, at variance upon this point, and the number which a brick- 
maker is said to be able to make in a working day of 12 hours varies 
from 2,500 to 10,000, or from three to fourteen in the minute. Ac- 
cording to Simms, the mean produce in a week, of a moulder, treader 
earner, and two boys at the brick-works of the London and Uove^ 
railway, amounted to 16,000 bricks. That the quality of the clay is 
of the utmost importance, is proved by a remark of the same gentle- 
man, when he states that thirty sand-stock- bricks require only the 
same time in making as 16 slop-bricks, which, calculated in wages 
gives a proportion of 4 : 7. ® ’ 

Moulding by macAmery.— The moulding of bricks is consequently 
a very cheap process. In England, where labor is dearest, the cost 
of moulding is about J of a penny for 22 bricks; in Germany, 

67 bncks may be moulded and partially dried for the same money, 
calculating the daily wages of the moulder as Is. 3d., of the helper 
lOrf. and the produce of their joint labor at 5000 bricks. The cheap- 
ness and simplicity of the hand-process render it difficult to devise 
machinery that shall supersede it; the produce of the moiJder is 
nearly equal to that of a machine, and the prime cost and expense 
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of keeping machinery in order are only likely to be remunerated where 
circumstances are very favorable, and a great outlay of capital i» 
desirable. These combined circumstances seldom occur together. 
The interest of capital, the necessity of keeping a machine constantly 
at work, and the cost of the motive power which such machines 
require, demand a constant and very extensive market for the produce, 
if the undertaking is to succeed. So large a consumption is seldom 
possible, as the price of the bricks will not admit of carriage to a dis- 
tance; it is, therefore, not surprising that machinery is so seldom 
employed by brick-makers.* It will, however, be proper here to 
notice the principles upon which the machines are constructed. 
They may be divided into the following kinds: 

I. Machines with actual moulds^ similar to hand-moulds, — A single 
mould is used, which is filled, smoothed and moved by machinery. 

The mould is first brought under the clay- machine to be filled, 
whence it passes under that part of the machine which presses the 
clay into the mould, and lastly, is deposited exactly above a piston 
which, from below, raises the brick out of the mould. 

The machines invented by Knisley in 1813; Delamoriniere in 
1825; Thierrion, of Amiens, in 1829; Carville, of Issy, near Paris, 
in 1840, and lastly and most recently, by Choice and Gibson, and 
Mac-Nab, are constructed upon this principle ; in several, however, 
the backward and forward action is converted into a continuous 
motion. 

II. Machines in which the moulding is performed by several moulds^ 
arranged upon a revolving plate or upon the curved surface of a 
cylinder, — In the first case, the motion is either backwards and 
forw^ards, or rotary, round a perpendicular axis; in the second case, 
it is rotary, round a horizontal axis. In Forsyth’s machine, for in- 
stance, a steam piston presses the clay contained in a cylinder on to 
a movable mould-frame, which forms the bottom of the cylinder. 
This mould frame is divided into a number of quadrangular compart- 
ments (w’hich are the brick-moulds) and is moved backwards and 
forwards, so that the half of the moulds are alternately brought under 
the piston and filled, while the other half are discharged on a drying- 
boa^ by a part of the apparatus which pushes the bricks out of the 
moulds. 

Amongst this class of machines with movable mould-plates, are 
those of Doolitle, 1819, used in the neighborhood of Washington ; of 
Levasseur-Precourt (patented in 1826); those of Champion, Fabres 
and Janies-Dubry, of Besanfon (patented in 1830), as wtH as that of 
the Marquis of Tweeddale for walling bricks. 

Among the cylinder-machines are those of the Baroness Gavedal- 
Geanny (patented in 1826); of Naudot and Co. (patented 1828); of 
Cartereau (patented 1829), and the more recent machines of Leahy 
and of Nash. 


• The rapidity with which cities are springing up in the United States, the expensive- 
ness of manual labor, the cheapness of fuel, to tlrivo steam engines, and the steady de- 
mand for bricks, cause much use to be made of brick machines in this country. — Am, Ed, 
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ni. Machines which cut out the bricks from a caJu of clay^ in the 
manner in which ornamental pastry is made from dough . — In this 
case the* machine must prepare a cake of clay of the thickness that 
the brick is intended to be. When a sufficient pressure is exerted, 
architectural ornaments in bas-relief may be moulded, as is the case 
with Verebent’s machine, of Toulouse (patented in 1831). The ma- 
chines invented by Cundy in 1827, by Bosq, brothers, Girauit and 
Taxil, brothers (patented in 1829), belong to this class. 

IV . Machines which produce a continuous strip or band of c/ay, and 
subsequently cut it into separate bricks . — A strip of this kind forms a 
parallelopipedon of indefinite length, the thickness of which corre- 
sponds to the thickness of the bricks, and its width to their breadth. 
When, therefore, a piece of this strip is cut off of the length of a brick, 
it will correspond precisely with a brick in dimensions. The produc- 
tion of the band of clay in this machine is similar to that practiced in 
manufacturing maccaroni, or to the process of wire drawing, i. c., the 
cJay is delivered from the clay-mill into a cylinder, the piston of which 
forcibly presses the contents through an aperture of the dimensions 
stated above; the strip thus produced, passes through rollers which 
improve its shape, and is then received upon a horizontal surface, 
where it is cut into lengths by wires moving in a vertical direction 
up and down. The cross section of this strip may of course be equal 
to the thickness of 2 or 4 bricks. The cutting machinery is then 
more complicated, and is made to cut 2 or 4 bricks at once. Ma- 
chines of this description have been invented by Hosteraberg (1807, 
used in St. Petersburg); by Georges of Lyons (patented 1828); and 
by the Marquis of Tweeddale for roofing-tiles, and by Terasson-Fou- 
geres, who obtained a medal in the same year from the Societe d^En- 
couragement. In the last named machine, 10, 20, 30, up to 40 bricks, 
can be cut at once. ’ 

This machine, Figs. 211 and 212, consists of a large rectangular 
■wooden frame-work, strongly bound together by cross-pieces, and 
strengthened lengthways by three iron bolts. The whole machine 
IS supported on six uprights, arranged two and two, connected together 
by cross-pieces, which run upon rollers, so as to render the machine 
easily movable. 

At the posterior part of the machine and a little below the ends 
which form the termination of the longer sides, there are two hollow 
drums, V, W, which carry an endle.ss belt, upon which are fixed the 
pieces of wood, E, E, forming a species of chaplet, and whose ele- 
vation on either side is regulated by the transverse guides which are 
bound together, two and two; these guides are also intended to sup- 
port the moulding-board, and the lateral pieces of wood. E E ta 
regulate the level of the clay. ’ ’ 

The posterior drum, V, can be drawn back by means of screws, 
placed on each side of the framing, which also work the little rollers 
that support the axis of the drum, thus preserving the endless belt in 
“ r? j tension. The anterior drum, W, carries a notch- 

Wheel, d. D on an extension of its axle, which communicates by means 
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of a pinipn with the handle G, in such a manner, that when the 
handle is turned, the anterior drum moves and carries with it the end- 
less belt and second drum. But as the large cylinder C, called the 
compressor,’’ can be fixed at any convenient height by means of the 
screws which support the little rollers, it is made to revolve as soon 
as the belt approaches filled with clay ready for moulding. A piece 



of wire is placed the lengthway of the machine, a little in advance 
of the compressor, and on a level with the upper surface of the moulds, 
so as to remove the excess of clay and prevent it adhering too strongly 
to the compressor. 

The wooden planks which are forced one after another upon the 
transverse guides of the endless belt, and whose length must not ex- 
ceed the extreme limits of the frames P, P, gradually advance, while 
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the rectangular funnel is kept full of the prepared clay by manual 
labor, or from wagons placed directly above. 

The clay and the planks, after having passed under the compressor, 
spread out in sliding over the rollers, Z, under another cylinder, J?, 
which is covered wilh a woolen cloth, preserved always in a moist 
state by a small current of water from the cistern, jJ, in the form of 
a gentle *shower from numerous wires. The movement of the cylin- 
der B is regulated carefully by means of a screw, which lowers it 
in such a manner as again gently to compress the brick. This com- 
pression is affected by a moist body, and gives a glaze to the upper 
surface of the brick, while the excess of clay on either side is removed 
by wires, which are attached at one end to the frame of the machine, 
and at the other to the sides of the cistern. Ay and which can be easily 
stretched or arranged by screws. 

The bricks are perfected by passing through three moulds, if, Ky Ky 
the size of each of which is smaller than the preceding. They are 
lined with thin sheet-iron, and the transverse section is shown in jP. 

The planks, as they arrive, force the others forward, until one of 
them becomes exactly parallel with the large frame P, Py which can 
be easily made to slide over the inclined plane i?, Ry by means of 
small rollers. This plane is firmly secured to the base of the machine 
by the arrangement Q, Q. 

A notch attached under each plank and a clock-like arrangement, 
sets in motion the hammer of a small clock when the prism of clay 
has arrived at the proper point, and thus announces that it is time to 
divide it. The workman employed at the handle, immediately stops, 
and raising the extremity of the lever, //, which moves in the groove, 
JV*, loosens the cord T, T, which suspends the frame P, P. This 
latter descends the inclined planes P, P, by its own weight and that 
of the lead, 0, which is attached to its lower end. During the descent, 
it cuts the prism of day according to the required dimensions, by 
means of the transverse wires placed horizontally at its inferior part, 
and which, arriving obliquely on the surface of the prism, divides the 
clay very neatly, without injuring it. When this operation is finished, 
the cutting-frame is returned to its original position, and the working 
of the machine is recommenced. The planks w'hich carry the finished 
bricks, are removed to the air to dry by rolling down long ladders, 
slightly inclined, the bars of which are cylinders, easily movable 
round their axis. When the machine is making larger bricks, it is 
preferable to allow the workmen to carry the planks to the drying- 
rooms. The planks must be sanded before they are placed on the 
endless belt, and this is best done by wintering the planks at a pump, 
and coating them with sand by means of a fine sieve. 

This machine manufactures daily about 25,000 bricks of the ordi- 
nary dimensions, and costs from jBSO to £38 (s» 145 to 184 dollars). 

[On the 16th of May 1846, Mr. J. Culbertson, of Cincinnati, received 
a patent of the United States for an improvement in brick-presses, in 
which the pressure is given by a heavy roller, the same as in that of 
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Terasson-Fougeres. But in all its other arrangements it is entirely 
different, and far less complicated in its construction. 

Fig. 213 exhibits a longitudinal vertical section of this machine. 

Fig. 213. 



m wi is a hopper to receive the clay, its sides flare above, but are 
vertical below to allow the clay to descend freely to the moulds which 
pass under it. These moulds are seen, at?’ i ?, in the sliding-frame 6, 
put into alternating motion by the connecting-rod C. 

c is a heavy pressure roller, the weight of which is increased by the 
weighted pressure-levers / /, connected with the axis of c by straps. 
The purpose of this roller is to press the clay into the moulds ?, ?, ?, 
&c. In each of these moulds is a false bottom A:, A:, and from each 

false bottom there extends downwards a stem /, /, /, and which serves 
to elevate the false bottom, and remove the brick when completed. 
h h are the iron rails or ways on which the carriage 6, slides. 
n n are gauge-plates, or scrapers, intended to remove surplus clay 
from the surface before the filled moulds pass under the roller c. 

0 0 are knives to smooth and finish the brick after it has passed 
under the pressure roller. 

These knives are inclined across the surface of the brick, and are 
fixed to the sides of the clay box by an arbor at the back of each 
knife which allows its edge to rise when obstructed by stones or other 
hard material. 

fl is a bearing roller, on which the frame b rests, and over w^hich 
it traverses. It is reduced in diameter as at a' a\ to allow the stems 
/, /, to pass over it. 

When half of the moulds have passed out from under the roller c, 
their stems come over the plate gy which is supported on parallel 
moving-bars r, r, turning on gudgeons Sy s. 

An arm ty is at the same time struck by a tappet on the moving- 
frame, and g is then brought into contact with all the stems /, /, raising 
ky ky and carrying the bottom of the brick quite above the top of the. 
sliding-frame 6. A laterally moving frame is then made to slide across 
the moulds and remove all the bricks to a side bench. On the return 
of the sliding-frame, g is depressed by the tappet and the movable 
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bottoms again return to their places. When the reciprocating motion 
of C has carried the opposite end of b beyond the hopper the other 
parallel frame raises its plate g', and the second half of the bricks of 
the movable bottoms are raised and made to deliver their bricks at 
the opposite end of the machine from that which received the first 
half. 

The laterally moving bar which pushes the bricks off from the 
moulds when finished carries with it a long sand-box wdth a sieve- 
bottom^ which, in passing across the moulds, going and returning, 
scatters sand into them, to ensure the easy separation of the following 
charges of bricks. 

The whole of the machinery rests upon the strong frame J5, sup- 
ported by the uprights ./?, Ji. The frame JB, and connecting-rod C, 
are seen to be broken off at the left, in which direction, on a prolonga- 
tion of the frame, the moving machinery is placed. 

It w’ill be observed that as the plate g rises on the parallel jointed 
frame r, r, it also advances in the same direction with the sliding 
mould-frame 6, so that the stems 1 1 arc continually lifted vertically, 
and not forced obliquely against the bottom through which they pass. 
This constitutes the first novel feature and ground of claim. 

The jointing of the knives o o is regarded by the inventor as an im- 
portant feature of his machine, and is the ground of his second claim. 

The gauges n, n, in combination with the roller c, make the basis 
of his third claim to novelty, and the employment of the movable bar 
above mentioned for removing the bricks as above described, and in 
combination with the sand-hopper to dust the moulds, the fourth. 

An improvement has been made in Culbertson’s press, by Mr. 
Gregg, which consists in making the moulds deeper than the thick- 
ness intended for the finished bricks, and, after the pressure has been 
given, causing the stems /, /, &c., to be lifted a sufficient height to 
enable the knives o o, to cut off a definite thickness from the pressed 
brick, leaving the required thickness of brick below ; having passed 
the knife, and been thus rendered entirely smooth on their upper faces, 
the bricks are carried as above described over the plate g, then ele- 
vated and pushed away to the receiving bench, as already described.] 

[On the 4th of December, 1847, a patent of the United States was 
granted to Mr. Nathan Sawyer, of Baltimore, for a brick-press tor 
forming bricks from dry clay. 

This machine embraces a pulverizer^ a hopper, a filler, a press, 
on the toggle-joint principle, and an elevator by which the whole 
press, while yet retaining the bricks under pressure, is elevated bodily, 
carrying the bricks upw^ard to a height at which they may be delivered 
from the moulds. This press is represented at Fig. 214. 

The pulverizer is seen at F, which is a roller furnished with nu- 
merous rows of teeth a a, working, as they revolve between, and pro- 
jecting above, curved grate-bars a' (which form the bottom of a hop- 
per for receiving the rough clay), and also between projecting teeth 
on a concave arc B\ underneath the grating of bars a'. The conca- 
vity of F is concentric with the convexity of the pulverizing roller F. 
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Z is the trunk or receptacle for the pulverized clay, from which it 
descends into a cavity in the filler F, sufficiently large to contain the 
quantity required for a brick. Having received its charge, the filler 
is pushed forward by the movement of the arm X, acted on by the 
toothed wheel fV, so far as to bring the charge of clay between the 
tivo platens c c", of the press. At that moment the lower platen on 
the upright If, is depressed into the mould, by the bending of the 
toggle-joint pieces If H', to the right, which is effected by the action 
of the spring r. By the time, therefore, that the charge of clay in F 
arrives above H, the cavity of the mould in which c" moves up and 
down, will be ready to receive it, and, having deposited its charge, 
the revolution of the wheel W brings the arm X' in contact with the 
tappet F', which at once carries the filler backward beyond the reach 
of the press, as seen in the figure. At this moment, by the revolution 
of the cam P, on its axis S, the whole press is allowed to descend 
vertically along two guide-rods far enough to bring the upper platen 
c', within the upper opening of the cavity G, of the mould. At this 
VOT . II. 2c 
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time the limb V of the wiper on the axis of the wheel B, comes in 
contact with the flexed toggle-joint IP Hy moving about its bolts 1 
and commences the pressure by forcing upwards the platen c". Hav- 
ing ^iven the necessary pressXire, and consolidated the pulverulent 
clay into a solid hard brick, the press is again elevated by the cam P, 
raising & high enough to allow the brick to be withdrawn when raised 
out of the mould by the rising of the platen c". The manner in which 
the brick is removed is by the advtncement of the filler P, and its 
striking the pressed brick so as to force it from the platform of the 
press to a bench from which it may be carried by the workman, and 
at once deposited in the kiln. Qis aw’edge resting on a projection;), 
of the frame in w’hich the press is mounted. It serves to limit the 
range of motion of the lower platen downward, and thus to regulate 
the quantity of clay w^hich the filler can leave in the moulds. This 
wedge is pushed forward, or draw^n back, by the lever if, having its 
fulcrum at ?i, and is held by a spring creating friction at i. 

The two cross-heads JV" and P, both rise by the motions of the 
cam P. The upper cross-head is traversed vertically by the piston 
C, that rises up against a coiled spring which is compressed up- 
'ward when the toggle-joint is straightened so as to make a solid bear- 
ing against the top bar d, but when the pressure is relaxed, and c' 
and c" begin to separate so as to release the pressed brick, the elasti- 
city of the spring prevents the sudden removal of the upper platen 
from the face of the brick, w^hich would, by such sudden separation, 
be torn and disfigured. By the arrangement of the two cams P and 
L, the w^hole press rises, w^hile the pressure continues on the brick, 
and remains at its maximum intensity until it is lifted nearly clear of 
the mould. 

The nut g serves to regulate the extent of action of the spring f. 

The principal novelties claimed for Mr. Sawyer’s press are, the 
peculiar construction and arrangement of the pulverizer, the continua- 
tion of the pressure on the brick while it is being removed from the 
mould, and the gradual removal of that pressure, in consequence of 
employing a spring to keep the upper piston or platen for some time 
to its bearing, after the toggle-joint begins to be flexed so as to relax 
the pressure.] 

Drying . — It has already been stated, that the moulded bricks are 
laid flat upon the drying-ground by the helper. As they become stifT 
by drying, and the danger of bending diminishes, they are first set on 
edge, and, lastly, piled 3, 4, or 5, one upon the other in the same 
position, leaving, however, spaces between them that the air may 
thoroughly penetrate through the dwarf wall. During the night, or 
when rain is apprehended, and whenever the weather and drying 
cannot be constantly watched, the walls and sides are covered and 
protected with boards and straw. It is here and there the custom 
to improve the form of the half dry bricks, by striking them with a 
flat board, which very much improves their quality, and is to be re- 
commended whenever the price will admit of the practice. The 
process of drying is well illustrated by the following example: A 
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brick (9.9 inches long, 5.1 inches wide, and 2.6 inches thick) weighed, 
w^hen newdy moulded, 94 ounces; previous to burning (thoroughly 
air«dried, therefore,) it weighed only 72 ounces, and after burning 68 
ounces. During drying 22 ounces of w^ater have consequently dis- 
appeared, 9 ounces in the first 24 hours, and 13 ounces during the 
rest of the time, i. e. in 5 or 6 weeks. The dry stone still con- 
tained 4 ounces of moisture, w’hich were expelled in the kiln. In 
permanent brick- works the bricks are dried under sheds. These 
consist of scaffoldings of laths, open on all sides, but covered with a 
roof: after moulding, the frames are discharged upon boards, which 
are arranged in rows with the bricks, upon the scaffolding. Roofing- 
tiles are always dried in this manner, as these cannot be piled one 
upon the other; they are moulded, however, in a somewhat different 
manner. 

Moulding Roofing Tiles , — The form of the tiles is somewhat different 
from bricks; they require to have a projection, or noze^ in order that 
they may be hung upon the roofing-laths. The moulds employed in 
Germany, Fig. 215, consist of a flat board with a handle, round 
which a rim, c c, of the thickness of 
the tile, is nailed. The rim is so 
shaped as to produce the form of the 
tile, while the nose is moulded by 
the cavity o. The workman first 
covers the mould with dust (from the 
turnpike road, or finely-ground dry 
clay), he then throws a ball of clay 
upon it, presses this firmly into the corners and into the cavity, c, cuts 
aw’ay the excess of clay with a wure drawn along the rim, and puts 
it on one side, to be smoothed on the cut surface with a flat piece of 
w^ood. When the tile is thus moulded, the mould is held by the 
handle, and the tile turned out upon the drying board. Curved tiles 
for ridges, &c., w^hich are in the form of an arch, are first moulded 
in a flat mould, and afterw’ards bent upon a round block of w’ood. 
The red color is produced by dipping the air-dried tiles into slips 
composed of ferruginous loam, or ochry clay. 

It is obvious that tiles may be formed in the same manner as bricks 
wuth the machines described above. The nose, how’ever, gives rise 
to some diflSculty, and must generally be applied in a separate ope- 
ration. 

A great deal of ingenuity has been showm within the last few^ years 
in inventing machines for the manufacture of agricultural tiles, but 
it would exceed our limits to enter into the detail of these machines. 
They are mostly constructed upon the principle of forcing the clay 
from a cylinder through a die-plate fixed to the extremity, which de- 
livers the tiles in the various forms required for draining, &c. 

Firing or Burning , — Brick and tiles are burnt, as may easily be 
conceived, in very different ways. The nature of the fuel which the 
brick-maker has at his disposal, cost and custom must all be taken 
into consideration ; but these are not the only circumstances that in- 


Fig. 215. 
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fluence the process; it is dependent quite as much upon whHher the 
work is permanently stationary, or whether it is carried on periodically 
at different plac^, wherever clay is to be had, for buildings on rail* 
ways, &c. None of these circumstances settle definitely the plan to 
be adopted, but they influence the general arrangement; the price of 
fuel and labor being also brought into the calculation. The different 
arrangements for burning bricks and tiles maybe advantageously 
considered under two points of view: 

1st. A special kiln is either built which is charged each time with 
the goods to be burnt, as in the potteries, and these furnaces may be 
open, c/ose, horizontal^ or vertical. 

2d. Or the bricks are piled one upon the other, and so covered as 
to form a kind of temporary furnace or clamp. 

Clamps are well adapted for burning a large number of bricks at 
once; but they are not applicable for finer kinds, where a sharp out- 
line is required, as, for instance, for roofing-tiles; they are best cal- 
culated for coal as fuel; peat and wood cannot be used so advan- 
tageously. 

Kilns. — Kilns, on the contrary, can be used for all kinds of bricks 
and tiles; they burn. a lesser number at once, and are connected with 
expense in .building, from which the other plan is entirely free. 

Both plans are subject to one objection, to which some few vertical 
kilns form the sole exception, and that is, an imperfect regulation of 
the temperature. This evil is only of importance in consequence of 
the easy fusibility of the clay from w’hich the common bricks are 
made. The large number of bricks that must be fired at once, 
obliges the fireman to overheat those which lie nearest the fire, in 
order to burn the more distant ones thoroughly; the former then melt 
and bend, cake together into clinkers, and, in short, are S[»oijed. 

Instead of further description, a few examples will illustrate the 
principles upon w hich the manipulations and arrangements connected 
with the firing depend. 

Horizontal close Kilns . — The horizontal kiln. Fig. 21(>, is that 
recommended by Henschel, and is employed everywhere in the neigh- 
borhood of Cassel. Although intended for bricks, it may be used 
very advantageously as an ordinary potter’s kiln (compare page 305). 
Jl is the firing-kiln, B the fuel-grate, C the ash-pit, and D the chimney. 
The fire proceeds from the narrow’ end in a horizontal direction 
through the whole length of the kiln to the chimney. Below the flue 
is the door i, w^hich is bricked up during every operation. The perfo- 
rated w’all, a, separates the fire-hearth from the burning-chamber, 
and diffuses the flame uniformly over the whole front part of the 
chamber. The position of the fire-grate in these kilns is to be highly 
recommended. The grate, r, is inclined towards the kiln, to facilitate 
the addition of fuel, w’hile the curve in the roof conducts the flame, 
without interruption, into the burning-chamber. The fire-door, e, 
can easily be drawn up in the inclined front wrall by means of the 
weight, 0 , and the chain passing over the pulleys, w, n. The flue p^ 
and a few others of smaller size, in the side walls of the kiln, tend to 
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keep the brick- work dry, which is an important point in getting up 
the heat. The tile-kiliis in the Low Countries, w^hich are similarly, 
though more crudely, constructed, are very faulty in this respect. 
These kilns are often found sunk in the earth to the height of the grate 
(that the charge may be more readily introduced), without any pre- 
cautions having been taken for conducting away the moisture. The 
door is frequently found incapable of being shut close, and the brick- 
w'ork loose and unsound, umler which circumstances it is quite 
impossible to regulate the heat with any degree of accuracy. In 
Henschel’s kiln, an iron damper, g*, is attached to the flue, that the 
regulation maybe more under command. Through an aperture, that 
can be closed, tw^o or three inches above this plate, the latter may be 
covered with sand, so that the draught may be completely stopped 
during the time the kiln is cooling. The furnace should be bound 
round wdth wrought iron, to render it more durable. 

It is obvious that the heat in this, as in all similar kilns, must be 
very much greater in the neighborhood of the w^all, «, cr, than near 
the flue. 1 o prevent the vitrification of the bricks, a certain quantity 
of lime is generally thrown into the front part of the kiln, w^hich is 
not injured by the intensity of the heat. 

In a furnace like that in the drawing, the firing-chamber of which 
is 3^ feet high, and 10 feet long, one of the smallest kilns therefore, 
the consumption of brown coal from Cassel (for the heating value of 
which see Vol. i. p. 83) was about 24 cwts. for burning a fidl charge 
of 6,000 bricks, with the necessary amount of lime, and this w’as 
effected in from 48 to 52 hours. Most of the German kilns contain 
twice that number, and more; in these a smaller proportionate quan- 
tity of fuel is required. In cases where wood is used in place of coal, 
the chamber should be proportionally longer, as wood produces a 
much longer flame. 
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In Wiirtemberg, the common brick-kilns were very much improved 
several years agfo by Weberling, who introduced good close kilns. 
Formerly, 10,000 bricks were burnt in 3 or 4 days with a consump- 
tion of 7 klafter* of birch, or 9 klafter of pine wood, or from 24,000 to 
30,000 peat bricks. At the present time, the consumption in one of 
Werbeling’s kilns, charged to the same amount, is 2J to 2J klafter of 
birch, or from 3 to 3^ klafter of pine wood, or 10,000 bricksf of air- 
dried peat, and the whole is burnt in 2^ to 3 days. 

In a close kiln, at Hellmann’s brick manufactory near Hanover, 
which was, however, of much larger dimensions, the following re- 
sults were observed. The firing-chamber is 8 feet from side to side; 
to the top of the arch it is 12 feet 8 inches high, and its length is 20 
feet 4 inches, so that it will contain 24,000 bricks. The amount of 
coal consumed in firing this charge varies wdth their quality, but in 
the mean, is about 260 cwts. This kiln is heated from both the nar- 
row ends at once, from 4 grates. The grates join in the centre, i. e. 
the fire-places extend from one narrow end of the furnace to the other; 
there are, therefore, 4 traversing fire-grates, side by side, terminating* 
at both ends. This arrangement secures a greater and more uniform 

distribution of the heat, and 
is in that respect similar to 
the open brick-kilns. Fig. 
217, which, as represented 
in the figure, are intended 
for wood fuel. The drawl- 
ing represents a section 
through the narrow side, in 
the direction of the firings, 
of which there are three, 
side by side ; Jij is the 
middle one. This fire-pit 
is without any grate, and 
arched over with a series 
of girders, a, a, fl, which 
form a perforated covering, 
and cause a division of the 
flame before it passes into the burning-chamber. The latter consists 
of a long rectangular space, Af, JIf, open at the top, and uncovered ; 
the drawing represents the narrow side, the other being about J longer. 
The bricks are arranged on the arches, a, a, on their edges, in such 
a manner that the bricks in the different layers cross each other, and 
are so far separated from each other that the flame finds a free passage 
between them. In these open kilns there is always danger of losing 
too much heat, but this defect is, in some measure, remedied by piling 
the bricks to any height, required by the nature of the fuel employed. 
The loss of heat is also compensated in practice by the much greater 
ease, and consequently lesser cost, with which the bricks are stored 

• 1 klafter B 144 C.F. 

t The brick reckoned at 10 oz. this would be about 62 cwts. of 100 lU. 


Fig. 217. 
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And packed in the open kilns. In the great open kiln at the iron- 
works of Schussenried, in Wiirtemberg, (the space for burning is 28 
feet long, 18 feet wide, and 14.5 feet high,) the consumption has 
been found, during the 3 to 4 days required for burning a charge of 
from 45,000 to 46,000 bricks, to amount to 60,000 peat bricks, which 
weigh about 900 to 1,000 cwt., and are equivalent to from 24 to 30 
klafters of pine w’ood. 

To retain the heat better, the top is covered during firing with a 
layer of brick-dust, and this is again covered with moist sand while 
the bricks are left to cool. 


The open kilns of the Dutch are still larger; Keren describes one 
51 feet wide, 110 feet long, and 25 feet high, containing 56 layers of 
bricks, one above the other. It contains more than 3 millions of bricks, 
which are burnt in 36 days by the flame from 10 fires, situated on 
both sides, during which time about 1 million peat bricks are con- 
sumed. The firings are merely open ditches or channels, not arched 
(a very common case), the top 

of the channel being composed Fig. 218 . 


of the first layer of bricks to ; ^ ^ 

be burnt. The lowest layer ^ ^ 

is spread asunder; in the up- I 1 

perraost, the bricks are ar- i ^ 

ranged close together, but in i I 

such a manner that parallel i | 

spaces are left for the circula- I | 

tion of the flame. The fire in fe | 

these kilns is below the burn- ^ 

ing-space and not by the side ^ ^ 

of it, so that the open kilns ^ ^ 

resemble in this respect the S 

vertical close kilns, of which | 8 

Fig. 218, or that constructed _ ... fc-. 

by Bihl, in Waiblingen, is a | ^ 

good example. It is heated by I 

two fires upon the same prin- ■ 

ciple as the last was heated by I 

three; between the fires and I 

the chimney, (which is 
altogether w^anting in the open J 

kilns), there are two working- H 

chambers, a lower chamber, 

C, for burning, and an upper MgjM 
chamber. By for drying the ^ 

goods. Both are quadrangu- 
lar in section. The working- 

chambers and chimney are separated froin each other by perforated 
arches, the lower arch, a, above the fire being perforated with 25, the 
one above it (between the burning and drying-chamber) and the up- 
permost (between the drying-chamber and the chimney) having 13 
apertures for the passage of the flames. Both the burning and dry- 
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ing-charabers and the chimney are furnished separately with doors 
for introducing the charge and cleaning. The fuel is placed not only 
below the chief chamber, C, but also in front of it, in a prolongation 
of the fire-channels, a, a, in which the grates are set. Bihl’s kiln is 
less applicable to common purposes than for finer w^ares, as clay-slabs, 
pipes, &c. (page 307). In a similar kiln (as at Friedberg, in Hesse), 
for burning 600 roofing-tiles, 1,500 bricks (and 30 measures of lime), 
130 cwts, of an earthy dusty-brown coal from Bauernheim are con- 
sumed, which is there made up into bricks. 

Field-burning or burning in clamps . — The process of burning in 
clamps was introduced from the necessity of burning bricks in locali- 
ties so far removed from any brick-works as to render the carriage 
upon the bricks too expensive, and where circumstances were such as 
would not admit of a permanent brick establishment. The great 
simplicity of the process has given it the preference in several coun- 
tries, as in Belgium and England. The process consists in arranging 
and piling the bricks upon an even foundation in such a manner that 
all the essential fire-flues, channels and interstices for depositing the 
fuel and evolving from it the proper quantity of heat are produced by 
the bricks themselves. The bricks are stacked in the same manner 
as in the kilns, so as to form temporary kilns, just as the raeiler or 
mounds are erected in burning charcoal. 

These clamps, w’hich are always erected in the open air, must be 
protected from a too free access of air, which would inevitably cause 
the combustion to proceed too rapidly in one direction, and give rise 
to a powerful and very injurious red heat if a slight wind should pre- 
vail, entirely putting an end to all control over the fire. The clamps, 
w’hich often comprise as many as 500,000 bricks and more, are covered 
outwardly with a coating of loam, and protected against the wind by 
movable hurdles of straw^ A clamp, in which there are 28 layers, 
one above the other, requires from 8 to 10 days in erecting. 

When peat, browm coal, or w'ood are used as fuel, the process of 
burning is precisely similar to that in the kilns; i, e. the fuel is placed 
in channels situated in the low^est parts of the clamp, while the flame 
permeates the interstices and make its escape at the top. If coal is 
used, which is a dense fuel, and easily reduced to a small size, fire- 
places are also arranged at the bottom of the clamp, but small coal 
is strewn in layers amongst the bricks, so that the combustion, as well 
as the flame, spreads itself all over the clamp. It might be imagined, 
that in consequence of the expansion which must at first obtain and 
the subsequent contraction of the clamp, from the consumption of 
the coal on which the bricks rest, &c., that there must be great risk 
of the whole erection falling in. 

When the clamp has been carefully built up, however, this is seldom 
the case, although a very considerable diminution of volume occurs. 
The erection of the clamps and the process of burning, demands, of 
course, a much longer time than would be necessary in the kiln, last- 
ing, according to (he size of the clamp, from 20, 30 to 50 days. The 
loss by fracture, clinkers, &c., is calculated in this cotintry at 10 per 
cent. 
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Considering the easy fusibility of ordinary brick-earth, and the 
slight difference which exists between the temperature at which the 
bricks must be baked, and their fusing point, and which is less than 
with any other kind of clay-ware, and when, lastly, the great disparity 
of temperature to which they are exposed in all the different methods 
of burning is borne in mind, it will not appear remarkable, that in 
every burning, the same bricks will be very differently affected by the 
heat according to the position which they occupied with reference to 
the fire. Those which were situated close to the fire and had to bear 
the full intensity of the heat, will be found fused into a kind of slag, 
or clinker, and must be reckoned amongst the refuse. The loss from 
this cause is greater, as these clinkers and the neighboring bricks 
(which are also vitrified and vesicular on the surface) are firmly fused 
together and to the base of the clamp, whence they must be removed 
with crowbars, at considerable cost of labor, &c. Other bricks again, 
are vitreous on the surface, or glazed, others thoroughly baked, and 
towards the top of the kiln, or clamp, where the heat w as least intense, 
the bricks are only half burnt. These different qualities may be dis- 
tinguished in general by the color, the glazed or vitreous bricks being 
of a dark grayish- browm, the well baked red, while the half baked 
are yellowish-red, or yellow; the colors vary, how’ever, in some de- 
gree, with the quality of the clay. 

It is an important part of the brick-maker’s business to sort the 
bricks as they are taken from the kiln or clamp, some being better 
adapted for certain purposes than others. Thus, for instance, hard- 
burnt bricks are employed for outside work, less baked bricks for 
the interior of buildings. The harder they are burnt, the more 
sonorous they become w hen struck, and vice versa ; hard-burnt, and 
glazed bricks last longer when exposed to frost than those which 
are less burnt, but they are not so well adapted for binding together 
with mortar, for which a rough and porous surface is required. 

In Holland, where there is a great scarcity of stone of all kinds, 
semi-vitrified bricks, w^hich show symptoms of fusion when broken, 
are very important as material for making roads. They are called 
there, klinkerte^ and are arranged side by side on their edges in 
paving. Their density and hardness enables them to last w^here the 
frost and traffic would soon destroy ordinary bricks. 

Form , — The shape of the bricks is adapted to the purposes for 
which they are intended ; they are either wedge-shaped for arches or 
round chimneys, or in the w^ell-knowm rectangular form for ordinary 
walls. It is, however, very convenient in building, when the thick- 
ness of the bricks is exactly equal to some fraction of the thickness 
and length, i, e, when a certain number laid one upon the other 
exactly corresponds with the thickness or 
length of one brick, or when the same is the Fig. 219. 

case in breadth. This is necessary in order 
to give sufficient stability to the walls in 
building. The bricks are not laid one di- 
rectly over the other in the walls, but alter- 
nately one over the join of two below it, as shown in Fig. 219. 
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Roofing-tiles, which are destined to a very different use, must 
consequently be of a different character; although^ these have no 
weight to bear, yet they are exposed to the full influence of the 
weather; they must, therefore, lie close without allowing water to pass 
between them, and yet burden the roof as little as possible. 

Pressed Tiles , — The lightness of the roofing is influenced partly by 
the form of the tiles and partly by their weight. \ ery light tiles are 
generally porous, brittle, and more liable to be destroyed by the frost. 
It is a great point to give them a closer texture and make them thin 
at the same time, so as not to increase their weight. Porous tiles, in 
which the particles are not in close contact, a^e generally brittle, and 
if the porosity is obviated by fusion, therq^.fs great danger of their 
bending, and becoming still more fragile. 'I'he great porosity of or- 
dinary tiles is due to the large quantity of water with which the clay 
is impregnated during the process of moulding, and which is subse- 
quently evaporated in the kiln. Less moist clay cannot be worked 
with the hand. These practical facts have led tq the plan of pro- 
ducing tiles by pressure. The clay employed for t^is purpose is only 
moist enough to acquire tenacity under a powerfu^ press in a mould. 
The tiles formed are very much more dense, partly in consequence 
of the absence of water, and partly from the action of the press. A 
tile-press of this kind has been introduced and recommended by Hen- 
schel. It is somewhat more difficult to manage than the ordinary 
hand moulds, so that only about 600 roofing tiles can be moulded in 
a day. The time required for drying the pressed bricks and the 
space they occupy are very much lessened, the tiles being firm and 
inflexible as they leave the mould, and capable of being stacked up 
one upon the other. The advantage gained in lightness, particularly 
when the tiles are of the proper shape, will be obvious from the 
following comparison instituted by the Society of Arts at Mayence.* 


One square fathom of roofing. 


Costs. 

Requires. 

Which 

weigh. 

Difference. 



8. 

d. 

Tile.^s. 

lbs. 

lbs. 

Of Henschel’s tiles - - - - 

. 

7 

1 

96 I 

676 ) I 


Of ordinary tiles - - . . 

- 

U 

3 

300 

825 J 1 

249 

1 


Pressed and glazed tiles are much more durable, as moss and other 
plants, which are amongst the most destructive agents, do not so 
readily take root in them as in porous clay tiles. 

A comparison of a similar kind has been made at Vienna between 
ordinary bricks and those made by pressure in E. L. Muller’s machine. 
In (his case, the weight is not so much an object, as resistance to 
pressure. The bricks were laid upon two sharp blades, placed at a 
distance of 7 inches from each other, and weights were applied to a 
third sharp edge, pressing exactly on the middle of the bricks. It 
was found that : 


• The ordinary tiles used weighed 2} pounds; those of Henschel, which were mucli 
larger, 0 lbs. a piece. 
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Miiller’s pressed bricks broke with a weight of 2,240 lbs. (mean of 
24 trials). 

Ordinary bricks broke with a weight of 1,530 lbs. (mean of 48 
trials). 

Glazed Tiles , — In Holland, tiles are covered with a coat of glaze, 
not merely for the sake of ornament, but in order to render them more 
capable of resisting the action of the weather. They are, of course, 
more expensive. The glaze is similar to that used by potters, and 
consists of minium, colored with manganese or oxide of copper. Yel- 
low tiles are also made with sulphuret of antimony. The glaze is 
applied by dipping or sprinkling the air-dried tiles. Glazing is also 
practiced in France, as, for instance, at Dijon and Rheims. 

Color of Bricks and Tiles , — The natural color of bricks and tiles 
is always connected with the amount of iron contained in the clay of 
which they are composed ; this iron is either converted into the highest 
or red oxide; or the heat is insufficient to produce the full red color; 
or, lastly, a partial reduction occurs, and the iron is in the state of a 
mixture of the two oxides, when the bricks appear of an iron-gray 
color. In Holland, for instance, when the tiles are thoroughly baked, 
and at a full red heat, fresh brush-wood, together with the leaves 
(alder), is thrown upon the glowing peat ashes. A smoky flame is 
thus produced, which partly reduces the oxide of iron, but communi- 
cates a dark color to the bricks, chiefly by the deposition of charcoal."^ 

Stone Bricks , — There is a very peculiar brick, manufactured at 
Neath, in Glamorganshire, of the properties of which, however, the 
proprietors seem to be ignorant. The materials of which the brick 
is composed are brought from a quarry in the neighborhood. They 
are very coarse, being subjected to a very rude crushing operation 
under an edge-stone ; and, from the size of the pieces, it is impossible 
to mould by hand. There are three qualities, which are mixed to- 
gether with a little water, so as to give the mass some coherence, and 
in this state it is compressed by a machine into a mould. The brick 
which results is treated in the ordinary way, but it resists a much 
greater heat than the Stourbridge clay-brick, expands much more by 
heat, and does not contract to its original dimensions. Owing to this 
latter property, it has been found very valuable in constructing fur- 
naces, more particularly the arches of the reverberatory furnaces em- 
ployed at Swansea in smelting copper ores. The composition of the 
three materials is as follows: 




From Penderyn. 

From Dinns. 

A 

Silica - 
Alumina, 
Lime and 

wdth trace of oxide iron 
magnesia - . - - 

. - 94.05 
- - 4.55 

100 

traces 

traces 

91.95 

8.05 

traces 



98.60 

100 

100.00 


• In England, colored bricks have been manufactured by Mr. Barnes, and present a 
very beautiful appearance. Variegated tiles (tessera) are now made by Mr. Minton, of 
Stoke, and the latter also by Mr. Singer, of Vauxhall. 
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The bricks may, therefore, be said to be siliceous or stone-bricks^ 
and there cannot be a doubt that, for the construction of many descrip- 
tions of chemical furnaces, such bricks would prove of essential ser- 
vice. In fact, when a good, clean sand-stone can be obtained capable 
of resis^ing heat, and the small broken pieces can be mixed in the 
process of quarrying with a little clay to impart tenacity, a very valua- 
ble fire-brick may be moulded from it. 

The following is the analysis of a kind of red fire-brick, manufac- 
tured at Windsor, and of the clay from which it is prepared : 

Windsor brick. — Silica ... - 84.65 

Peroxide iron - - 4.25 

Alumina - - - 8.85 

Lime - - • - 1.90 

Magnesia - - - .35 

100.00 (Richardson). 

The Windsor clay is a mechanical mixture of about 

Sand 70 

Clay 30 

100 (Richardson). 


LIGHT OR SWIMMING BRICKS. 

Character , — Burnt bricks, when composed of a certain quality of 
material, acquire such a degree of porosity, and become so light as 
to weigh very much less than an equal bulk of water. It is well 
knowm that silica, as it is obtained from the decomposition of the 
silicates, is remarkable for its loose nature and lightness, properties 
which it retains at a white heat, in consequence of its infusibility. 
When any kind of earth, consequently, contains a large quantity of 
porous silica, and bricks are formed from it, either alone or with the 
addition of a little clay to bind the particles together, these bricks 
wdll retain, in a great measure, the properties of the silica. These 
bricks combine great lightness with infusibility, and from the large 
quantity of air enclosed between their particles, are remarkably bad 
conductors of heat. They consequently form an invaluable building 
material wherever lightness (as for arches), fire-proof characters, or 
infusibility are desirable properties. 

Posidonius, and subsequently Strabo, state that swimming bricks 
were composed of an earth found in Spain, on one of the islands of 
the Tyrrhenian Sea, and in other places. Vitruvius Pollio recom- 
mends them for building, and Pliny for their general usefulness. These 
swimming bricks, which had been entirely forgotten, were again 
manufactured by Giovanni Fabroni, in the year 1791, from an earth 
which is found near Santafiora, in Tuscany. The earth was com- 
posed of about 65 per cent, silica, 17 magnesia, 14 alumina, and 4 
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lime. These bricks swam on the surface of water, could not be sunk, 
were capable of binding with mortar, and were such bad conductors 
of heat that one end could be held in the hand while the other was 
red hot. As an experiment, Fabroni constructed the powder maga- 
zine of a ship with these bricks; the vessel was set on fire and sunk 
without exploding the powder. About the same time, Faujas, and in 
the year 183*2, Count Fr. de Nantes, and Fournet, of Lyons, called 
attention to a similar kind of earth in France (at Ceyssat, near Cler- 
mont, and at Randanne, in Auvergne), which afforded bricks of pre- 
cisely the same character. The earth described by Fournet was 
whitish-yellow*, soft, like chalk, exceedingly fine, was not soluble in 
water, and could be worked with about i^^^th of clay. It consisted, 
after being heated to redness, (losing water, organic matter, and car- 
bonic acid,) of 87 per cent, silica, with 3 of alumina and oxide of iron. 

'Vhe microscopic researches of Ehrenberg, in Berlin, upon these 
earths (particularly those of Ceyssat, Santafiora, and Zante), have led 
to the remarkable discovery, that they are entirely composed of an 
assemblage of the small microscopic silicious shells w ith which certain 
infusoria are covered. Ehrenberg concluded from this, that the clay 
composed of infusoria under Berlin, was also adapted to the production 
of similar bricks, and the result completely confirmed his expectations. 
This layer of clay is very extensive on the banks of the Spree, some- 
times attaining a thickness of 100 feet; it consists of the silicious 
coats of infusoria, the size of w hich, individually, is not greater than 
the ninth part of the diameter of a human hair, and in the fresh state 
is dry, of a pearl-gray or white color. A cubic foot weighs, in the 
crude state, 61 lbs.; after elutriation and drying only 25 lbs. 7 ozs. 
Bricks composed of this earth only w eigh about \ as much as ordinary 
bricks. The following observations have been made with bricks 
composed of this earth, prepared by different methods. Bricks 10 
inches long, 4g inches wdde, and 2^ inches thick, comprising, there- 
fore, 120 cubic inches altogether, were found: 


W*lieii prepared from 

Of the following 
character. 

! And 

1 weighed, , 

j Contrac- 
1 Uon. 

Iril’iK-orial clny in wa-l 



porous, red- 

lbs 

oz. ‘ 


ler 

and sliiilitiv presseil ' 


0 3 = 

dish 

X 

11 1 

— 

i 1 

'Jx 1 

'Crude irii'u.soi iai flay, not 
purified, ^li^l^tly prfsi.sed 



absorbent; hard- 
ness, that of a 


j 


^ 1 

Ihfusurial flay wiili 5 i)fr 



Imd brick 

3 

— i 

— 

o 

1 

cent of clay 



jlitio ditto ditto i 

3 

® j 

— 


InAiHorial clay with 10 j)er 




1 



L 

cent of clay 

- 

harder - 

4 

— 1 

*— 

1 = 

1 

['Crude infilr'Orial clay, uii-” 







; 1 

- 1 

preparetl 





1 


^5 J 

lntit:M)rial (day with 5 j)er 


3 on(»ron.«, absorb 1 lb. of ) 

as 

before | 

' 


Si c ] 

cent oi flay 


wtucr 

> 

~ 1 

InfuM>rial clay with 10 per 








1 

cent of flay ^ 





1 



The same bricks, heated to whiteness for 6 hours, contracted still 
more appt^ared of the color of cast iron, and produced sparks 

vor. 11. 2 d 
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with steel. Those containing 10 per cent, of clay, were used for 
building the Museum in Berlin. 

Th*e infusorial earth is an admirable cement for clay instead of 
sand. 


FIRE-CLAY WARES. 

These wares are employed either for smelting, as crucibles^ or as 
bricks, for lining smelting and other furnaces, 

It would be a great mistake, in speaking of technical subjects, to 
confound the idea of fire-proof w ith what is scientifically termed 
infusible. Fire-proof is only a relative term, and implies infusibility 
at the certain temperature mentioned in connection with it. A brick 
may consequently be fire-proof in a lime-kiln, which could not with- 
stand the heat of a porcelain-furnace, and substances wdiich are 
perfectly capable of standing all the degrees of temperature employed 
in manufactories may be melted and frequently volatilized before the 
oxyhydrogen blow-pipe, or between the poles of a galvanic battery. 
Thus, pure silica, for instance, has been fused in the latter flame, 
‘like glass, and draw’n out into fine threads. The success of smelting 
and other operations, in which very high temperatures are required, 
and the economical advantages derived from them, are so intimately 
^‘'connected with the materials employed in building the furnaces and 
implements, (hat a general explanation of this subject becomes im- 
perative ly n e cess a ry . 

The degree of fusibility which a substance possesses, is mainly 
dependent upon its chemical nature, and quite as much upon its 
elementary composition, as upon its constitution. In other words: 
fusibility is not solely influenced by the elements which enter into the 
substances and the proportions in which these are contained in it, but 
also upon the manner in which they are arranged or combined w’th 
each other. This question has been enlarged upon at pages 220 and 
256, with reference to the nature of porcelain; and the introduction 
to the article on glass, considered the conditions essential to the 
fusibility, &c. of the silicates, which conditions also apply here in 
full force. It appears, therefore, that the property of easy fusibility 
is dependent, on the one hand, on the nature of the bases, (alkalies, 
earths, and metallic oxides); and on the other, in a still higher degree, 
upon the relation of weight existing between these and the silicic 
acid. The chief constituent of the clays, alumina, is a base which, 
in combination with silica, forms one of the most refractory substances, 
and imparts this property to the clays in proportion as they are 
unmixed with other bases, as alkalies, oxide of iron, lime, and mag- 
nesia, in the order they are here arranged. In the purer varieties, 
or nearly pure clays, which are fire-proof with reference to all 
technical purposes, the refractory quality is augmented in proportion 
to the quantity of silica which they contain, and acquires a maximum 
in those substances bearing the strongest outward resemblance to 
the clays, but which can hardly be classed with them, on account of 
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the large quantity of silica that enters into their composition ; such^ 
for instance, are the varieties of rottenstone^ consisting of the remains 
of infusoria. 

As an example from practice, the following comparison sufficiently 
explains why the clay in question cannot possibly be fire-proof in a 
glass-furnace; for, 


« 

It coniains 

1 

Silica. 

Alu- 
mina. . 

Mag- 

nesia. 

Lime. 

1 Oxide ! . 

! of iron. ; 

Clay from the Isle of Bourliori - 
French bottle-glass .... 

! 100 i 

100 . 

34.1 1 
30.7 1 

1 0.2 

2.2 
G1.6 , 

66.2 trace 
13.4 j 13.4 


When, therefore, it is desirable to procure fire-proof materials, a 
chemical analysis, although it cannot supersede an actual trial, may 
be of the greatest service, as the clays seldom or never come up to 
what is required of them, and only acquire the requisite properties by 
certain additions, and the choice of these additions must in the first 
instance be guided by the results of the chemical analysis. Such 
additions are absolutely necessary, as fire-clay must not only be in- 
fusible in the fire, but must likewise not be subject to crack and fly. 
These properties are most important in the case of crucibles. The 
chief cause of the cracking, or the contraction of the clay, must 
therefore be lessened by the addition of substances which do not 
shrink themselves, and, on the other, do not impair the refractory na- 
ture of the clay. Pure sand (free from lime and iron), and ground, 
previously burnt fire-clay, are the substances most commonly and 
appropriately used. 

Everything that has yet been stated, refers especially to the case 
in which the fire-proof \vare is exposed alone to a high temperature; 
but the conditions are essentially ditferent when fire-clay is brought 
into contact with substances which exert a chemical reaction upon it, 
decomposing it and acting as a flux. It is then still more difficult to 
obtain a ware that will withstand the combined action of heat and 
chemical affinity. 

Hessian Crucibles . — The w’ell-known Hessian crucibles from Alme- 
rode, are prepared with half their weight of sand, which prevents 
them from cracking, and the clay of which they are composed is in itself 
very infusible; as soon, however, as substances are heated in them 
which contain fixed bases, as alkalies, their refractory nature is 
jeopardized, as these bases combine with the sand, and form fusible 
silicates. Oxide of lead fused in one of these crucibles, often pene- 
trates through the sides and bottom. The sand in this case, therefore, 
is an addition which diminishes the contractibility and consequent 
liability to break at a high temperature, but at the same time increases 
the fusibility of the substance. Under such circumstances, the addi- 
tion of ground fragments of previously burnt clay {sherds) is prefer- 
able. Very dense and difficultly burnt coal, as graphite or coke, may 
also be used, and combines the properties of chemical inactivity and 
perfect ^nfusibility ; graphite is particularly applicable, as it is not 
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consumed in an ordinary crucible furnace. The crucibles from 
Passau or Ipser are made from 1 part plastic clay from Schildorf, near 
Passau, and from 2 to 3 parts of an impure graphite, also found in 
the same’ neighborhood, in nests, layers and veins, traversing the 
gneiss. This graphite is composed, according to Berthier, of : 


Carbon 
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Alumina 
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100 

The graphite is ground and sifted before beinof used. The Ipser 
crucibles can be heated to a temperature of ir)0'^’ \V(l»r. without un- 
dergoing alteration; they withstand changes of temperature exceed- 
ingly well, and are preferable to any other kind, in consequence of 
the smooth surface which the graphite communicates to them, and 
which enables the melted metal (for castings, money, &c.) to be poured 
from them in an uninterrupted stream, without leaving any particles 
behind. The Ipser crucibles, however, are too expensive for all those 
purposes which require that the crucible should be broken after each, 
or is rendered useless for a second operation. Crucibles that con- 
tain too much coke or an excess of cement (sherds) are frequently vso 
porous as to become permeable to easily liquid matters, without the 
concurrence of any chemical action. 

Constituents . — As a general rule, however, crucibles soon become 
useless, and it is an exceptional case when they last 20 meltings, as 
in the iron-foundry of Berlin. The chemical action of the substances 
in process upon the fire-proof vessels and utensils is not so promi- 
nently perceptible in cases where fire-bricks are employed, and is 
confined here to the action of the vapors (p. 41) and the ash mechani- 
cally brought into contact with them. The most noted fire-clays em- 
ployed in the construction of crucibles and bricks are collected in the 
following table, with the results of the chemical analysis of them: 


Dried al UK)® C. 
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The following are the analyses by Mr. C. Cow'per of the fire-clay 
employed at Birmingham in making glass-pots: 



In tlie dry pmte. 

In tlie ordinary state. 


Best 

Clay 

Be;<t 



Stourbridge 

from 

Stourbridge 

Monmoiith 


pot cl«y. 

Monmoutli. 

pot clay. 

clay. 

Silica . . - 

- 70.6 

80.1 

6.3.3 

75.3 

Alumina - - - 

- 25.9 

17.9 

23.3 

16.8 

Oxide of iron 

2.0 

1.0 

1.8 

1.0 

Carbonate of lime 

1.5 

1.0 

1.3 

0.9 

Carbonate of magnesia trace 

— 

trace 

— 

Water - - - 

— 

— 

10.3 

6.0 


100.0 

100.0 

100.0 

100.0 


Vessels composed of fire-clay must generally be more strongly 
fired, in order to acquire an equal degree of solidity, than common 
clay-wares; this is partly occasioned by the large quantity of cement 
which enters into their composition. It is of the greatest importance 
that fire-bricks should have acquired their greatest amount of hardness, 
and have contracted to the full extent, before they are used. In the 
case of crucibles, firing is not always necessary; while the Passaii 
crucibles are brought into commerce only in a dried state, the Hessian 
crucibles are burnt at about the same heat as ordinary stone-w’are. 

For the knowledge of the elementary composition of, and the rela- 
tive proportions of the constituents in, several kinds of smelting 
crucibles, we have to thank Berthier. 

The following are the results he obtained : 


Place of manufacture. 


Silica. 

Alu- 

tiiinu. 

Oxide 
of iron. 

Mag- 

nesia. 

Crucibles from Gross A 1 men wle 


- , 71 

25 

4 



** " Paris (Beaufay^) 


- • 65 

34 

! 10 

— 

“ ** Saveignies, near Beauvois - 


72 

lU 

i 4 

— 

**• ** England, for casting sited - 


- 71 

23 

' 4 

— 

“ Si. Etienne, for easting steel 


- : 65 

25 

7 

— 

Glass pots from Nemours . - - 


67 

32 

1 

— 

• “ *• Bohemia - - - - 


- 68 

2y 

: 2 1 

trace 


Clay Gas-retorts . — The retorts for the production of gas are, in 
conjunction with the glass- pots,* (compare page 35,) perhaps the 
largest vessels at present constructed of fire-clay. As there are many 
points of interest connected with their manufacture, we w-iH describe 
the plans adopted by Cowen, of Newcastle-upon-Tyne. There are 
seven varieties of clay found in the neighborhood of Newcastle, all of 
which belong to the coal formation, and these furnish the material for 
the fire-proof wares; the clays occur below the coal, and are worked 
with them from the same pit ; they are of a grayish- browm color, and 
full of vegetable remains. Dr. Richardson found in: 


• The inelung()ots in the 
ieel hijih. 


|)Jaie-glass works at Ravenheatl are, with tlie hood, six 


2d* 
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FIRE-CLAY GAS-RETORTS. 



Silica - • - . 


51.10 

47..55 

48.55 j 

51.1 I 1 

71.28 

83.29 

69.25 

Alumina ... 

. 

31.35 

29.50 

30.25 ' 

30.40 1 

17.75 

8.10 

1 17.90 

Oxide of iron 

- 

4.63 

913 

4.06 

4 91 ; 

1 2.43 

1.88 

2.97 

Lime - - - - 

. 

1.46 

1.34 

1.66 

1.76 1 

1 1.30 

Magnesia - - - 

• 

1.54 

1 0.71 

1.91 

trace 

1 2.30 

1 2 99 ' 

Water and organic matter 

- 

10.47 

i 12.01 

10.67 

12.29 

1 6.94 

1 3.64 j 

1 7..58 


while the amount of silica in No. 6 is to the total amount of the bases, 
as 100 : 16, in No. 2 it is as 100 : 85. These clays are mixed in 
different proportions, according to the object of the manufacturer. 

It is not usual to suspend the clay in water, all the coarser particles 
which in that case would be deposited, are consequently ground into 
the mass. Another important addition, is that of saw-dust, to the 
amount of about |th the weight of the whole. The gas-retorts must 
be capable of withstanding very sudden changes of temperature during 
the time they are charged and emptied. Sac, In order to be durable, 
the thickness of the sides must be at least 3 inches. These cir- 
cumstances, combined with the Q form of the retorts, would inevitably 
cause them to crack, if the mass were not rendered excessively porous 
by the saw-dust, which is completely destroyed in the firing. Pow- 
dered coke is used for the same purpose. A loss of gas from the 
porosity of the retorts need not be apprehended, as the inner surface 
soon becomes covered with a layer of carbon. 

The retorts, which are 7 feet long, and 2 feet high, are either 
moulded by hand from the mass, uniformly mixed with all the addi- 
tions, in which case the walls are gradually built up, according to 
two wooden guides, the one of which indicates the thickness, the 
other the outward shape of the retort; or they are pressed in the 
machine represented in Figs. 220, 221, 222. 


Fig. 2*20. 


Fig. 221. 
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at and is drawn out in the form of a Q at the front extremity, c, 
which enters the mouth-piece, i, and corresponds with the internal 
diameter of the retort. When the movable plate, g, g*, is pressed 
against the clay from behind, this is forced into the space between 
the mouth-piece, i*, and the end of the cylinder, c, and leaves the 
machine in the form of the retort. The clay is forced forward by 
causing a pow^erful hydraulic press to act against the movable rods, 
A, hy hy in the bottom plate, y*. The back of the retort, w, is moulded 
simultaneously in the same machine. The closing-plate, /c, (Figs. 
220, 222), is placed in front of the mouth-piece, i, and the clay is 
pressed firmly against it before it is removed, for the formation of the 
retort. The bottom end is thus moulded in the space between c, and 
k. The plate, /c, is then removed, and the press is allowed to work 
until the retort has acquired the proper length. The retort in process 
naturally issues from the aperture, i, much more rapidly, in conse- 
quence of its small diameter, than the plate, g*, approaches the mouth- 
piece. The resistance of the clay is so excessive, that the motion is 
hardly perceptible, and iron cylinders of from 2 to 3 inches in thick- 
ness have been torn asunder and unable to resist it. The drying and 
burning must proceed as slowly as possible, or the retorts are liable 
to burst when used. The firing lasts 14 days, and the burnt retorts 
are of a light yellow color. 

If other shapes are required, the cylinder c can be exchanged for 
one of another form. 

Fire-bricks , — An extensive trade is carried on near Newcastle-on- 
Tyne in the manufacture of these bricks. The clays used are the 
same as those of which the composition is given above, and the pre- 
paration of which is as follows: 

The fire-clay, after exposure to the atmosphere for some time, is 
removed to the clay-mill, where it is ground up with fragments of the 
same clay, previously baked. Manual labor is saved as much as 
possible. The sketch, Fig. 223, gives a general idea of the arrange- 
ment ordinarily adopted for this purpose, with the exception that in 
some cases, the bed-plate is made to revolve instead of being a fixture, 
as showm in our drawing. 

G represents the rough clay, conveniently placed for the workman 
to cast under the edge-stones, when it is ground to a coarse powder, 
which falls dowm through the opening, i, in the bed-plate, whence 
it is lifted into the cylinder, JE, by means of the endless chain of 
buckets, F, The clay as it passes down the cylinder is separated 
into two parcels, the fine falling through the case, J\[y and the coarse 
being received in the spout, O, which delivers it under the edge- 
stones, to be ground again. The fine is cnrried on an endless belt, 
JSTy to a convenient spot, where, as it falls to the ground, it meets a 
continuous stream of w^ater, as at Q, a workman roughly mixes it for 
the pug-mill, P, or in some cases it is delivered at once from JST into 
the pug-mill, P. 

The shaft, JJy driven by steam or water power, communicates mo- 
tion to the edge-stones by the wheels, /, Ky and to the pug-mill, by the 
bevel-wheel, R. A belt, P, drives the shaft, C, which communicates 
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motion to the cylinder, JB, by another belt, 2), and to the buckets, F, 
directly. The endless belt, JV’, receives its motion from the same 
shaft. The contrivances for collecting the clay on the bed-plate^ and 
throwing it under the stones, are also not indicated, as they are w ell 
known, and the only object of the drawing being to give a general 
idea of the nature of such arrangements. 



The fire-bricks are made wdth hand-moulds, in the usual manner, 
from the prepared clay. A man and boy mould and lay down to dry 
on the flat 1600 bricks for 3s. 8rf. (»=93 cts.) They are dried on a warm 
place, and burnt in the kilns represented in Figs. 224, 225, and 226. 

The kilns are about 15 feet long by 14 feet broad and 10 feet high, 
and hold about 15,000 bricks. The bricks are burnt for 5 days, 
during which time 5 tons of coal are consumed. 
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FIRE-BRICKS. 


Fig. 225 is a section of the back of the kiln, and shows the posh 
tion of the flues. 


Fig. 226. 



Fig. 226 is a longitudinal section of a kiln filled with bricks ready 
for firing. , 

The shaded part, A, Jl, is only temporary, being the opening by 
which the kiln is filled and emptied. 

The openings, 5, B, B, are for the purpose of charging the kiln 
with the fuel which is stirred up from time to time through the doors, 
C, C, C, while the ashes are removed from below by I), D, D. 

The openings, E, E, E, are left for the workmen to regulate the 
heat, and watch the progress of the burning. 

A space of about 4 feet, F, is left between the bricks and the wall 
of the kiln for the fuel. 

The flame and hot air pass through the bricks, and make their es- 
cape through the flues, Q, Q, Q, at the end of the kiln into the chim- 

"‘‘y 

The bricks are placed lengthways in the kiln, on their edges or 
sides, so that as seen in the section. Fig. 226, they appear closely 
packed, but in looking at them from the end, they are separated by 
each other about a finger’s breadth, as shown at the top of Fig. 226. 
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GROUP IV. 


OF LIME, MORTAR, GYPSUM, MAGNESIA, BARYTES, &c. 

Importance of Lime in the Arts. — Lime (CaO), or, more strictly 
speaking, the combination of lime with water, hydrate of lime^ or 
slaked lime (CaO,HO), is a substance which is most extensively used 
in the arts, on account of its powerful chemical action and low price. 

The great use of this substance is mainly attributable to two causes. 
First, lime possesses, in the state of hydrate, the property of combin- 
ing with acids and with substances of an analogous nature ; a pro- 
perty which ranges it amongst the most powerful bases after the 
alkalies. 

It is, chemically speaking, a valuable reagent, and of paramount 
importance in the arts, because, and this is the second point, it is 
easily obtained in every locality. The lime-stones, consisting prin- 
cipally of carbonate of lime (Ca0,C02) which compose the raw ma- 
terial for the lime-kilns, are members of almost every geological 
formation, and constitute a considerable portion of the surface of the 
globe. Caibonate of lime parts with its carbonic acid at a moderate 
red heat, and becomes caustic or burnt lime (CaO), w'hich, when 
brought into contact with water, is slaked, or enters into combination 
with it (CaO,HO), falling, at the same time, into an impalpable pow- 
der, — (it is w^ell known that the union of lime with water does not 
deprive the lime of its cau.sticity, but rather tends to call this property 
into full activity.) 

The technical value of burnt lime is, therefore, due to its pow^erful 
basic properties, to the facility with which it can be everywhere ob- 
tained, and to its low’ price, its value is also much augmented by the 
manner in which it is reduced to a fine state of division by w’ater, 
without which its usefulness would be much restricted. 

The pulverulent form of lime is a condition rendered more essential 
in consequence of the sparing solubility of the substance in w’ater (a 
property that distinguishes it from the alkalies, to which it would 
otherwise be equal in chemical activity). The solutions of lime are 
so dilute and w^eak as to be inapplicable for most purposes, and this 
renders the use of lime in mass essential, and its fine state of division 
the more necessary. 

These general observations with reference to the importance of 
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Htoe, can easily be elucidated by examples from practice. The 
smelter employs lime as the base with which to unite his silica and 
form a flux or slag; the manufacturer of stearine employs the basic 
property of lime to unite with and separate the fatty acids from the 
natural fats. The soda-maker decomposes sulphuret of sodium; the 
soap-boiler, the carbonate of soda in his ley, by means of the more 
powerful agency of lime ; the property which lime possesses in com- 
mon with the other bases of absorbing chlorine, renders it applicable 
to the manufacture of bleaching-powder, &c, 

Application of Lime , — In the preceding sections numerous applica- 
tions of lime have been described ; in those which follow, they will 
not be found less numerous. In the present chapter, only those 
technical applications of this base will be noticed, in which it is not 
merely a means to the attainment of some end, but in which it is 
employed as the chief and essential material, as in building, and for 
the production of mortar. By mortar, we understand a mixture of 
lime wdth certain substances, which impart to it the property of hard- 
ening and becoming stone, and which are used as cement in binding 
bricks and stones together. 

This hardening and conversion into stone, is partly due to the in- 
fluence of the air, and does not occur under water, and is partly, on 
the other hand, solely attributable to the agency of water. Both cases 
are dependant upon such very different chemical causes, the nature 
of the material is in both so different, and lastly, their application is 
so perfectly distinct, that the subject naturally calls for attention under 
two separate heads; these are 

Ordinary lime {Luftkalk) and mortar, 

Hydraulic lime and mortar. 


OF COMMON LIME. 

From what has been stated, and from the fact that caustic lime is 
one of the most rare productions of nature, it will be obvious that 
those combinations of lime must be sought and employed for technical 
purposes w^hich are the most generally diffused and easy of access. 
Carbonate of lime is the substance, already noticed as forming the 
principal ingredient of all natural limestones, which is everywhere 
employed for this purpose, (with the exception of gypsum, which is 
much less abundant, and of which we shall speak below\) The 
limestones may be classified, from their outward mineralogical charac- 
ters, under the following arrangement: 

Granular limestone wdth a decidedly crystaline grain: the different 
varieties of marble, (Parian, Carrara,) and particularly the old moun- 
tain-limestone, belong to this class. The limestone from Auerbach, 
in the valley of the Upper Rhine, and most of the other varieties, 
occur in veins, i. e. they fill up broad fissures in the granite, and ap- 
pear to have been forced from below, upwards. It frequently encloses 
mica, fluorspar, silicates, &c. 



limestone;. 


Compact limestone occurs in quite as great a variety of colored 
species as the foregoing, but is never so white. It is found in all 
geological formations, and is named according to its age, or from the 
formations of which it is a member; we thus have: transition-lime- 
stone, greywacke-limestone, carboniferous-limestone, mountain- lime- 
stone, shell-limestone, (muschelkalk,) Jura-limestone, lias-limestone, 
fresh-water-limestone, &c. 

Limestone Breccia^ consisting of lumps of limestone, cemented 
together by another limestone mass. ♦ 

Limestone marl^ more or less uniformly mixed with clay, of a dense 
earthy fracture. This and the foregoing variety belong to no particu- 
lar member of the stratified rocks, exclusively. 

Silicious limestone contains numerous silicious minerals, as quartz, 
hornstone, chalcedony, opal, &c. This variety is dense, and inter- 
spersed often with cavities ; it is gray or yellowish- white. 

Stinckstone^ or fetid limestone^ is characterized by the bitumen 
which it contains, and which is rendered perceptible to the smell by 
friction. It is generally dense, and exhibits stratification. It is called 
friable marl {Asche by German miners) when it occurs as a discon- 
nected earthy mass, and is of a dark color. 

Chalk is a dense, earthy rock, imparting color when rubbed, seldom 
other than of a white color. It is distinguished as being the matrix 
of flints. Chalk is remarkably developed on the shores of the Dover 
Straits and on the island of Riigen. It belongs solely to the forma- 
tion whose name it bears. 

Coarse lime is dense, earthy, approaching sandstone in appearance, 
and contains a large proportion of quartz-sand and clay. It belongs 
to the Molasse-formation, and is stratified. 

Calcareous tufa coholsts of layers of lime which are pretty free from 
foreign matters, and is still in the process of formation. Generally 
unstratified. In some parts, it is loose, porous and earthy; in others 
dense, passing into a variety of dense limestone. 

Calcareous tufa and Travertin belong to this class. Lime of simi- 
lar origin is called calcareous sinter when the stratification contains 
crystaline particles (calcareous spar or arragonite), arranged like 
layers of bark, one above the other, often in the form of columns, 
(Tropfstein.) 

These formations are produced by the solvent action of water con- 
taining carbonic acid upon carbonate of lime. 

The stalactites and stalagmitesy shown in Fig. 227, which frequently 
cover the roofs and floors of certain caverns, are also due to the same 
cause. The water which permeates the rocks above them, dissolves 
the carbonate of lime, by reason of the carbonic acid which it contains. 
In dropping from the roof, however, it remains suspended for some 
time, and, losing a certain part of the acid, deposits also a portion of 
the carbonate of lime, previously held in solution. The accumulation 
of these minute portions of lime gradually form the stalactites. The 
same takes place on the floors of the caverns, giving rise to the forma- 
tion of the stalagmites. 

VOL. II. 2e 
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LIMESTONE. 


Fig. 227. 



Dolomite is characterized by a large amount of magnesia; it is 
generally granular, and seldom earthy or massive. It is not distinctly 
stratified, but sometimes bituminous. 

The characters of limestone which stand in connection with 
the theory of the earth’s formation, or the geological characters, 
lead to a totally different classification. Limestones which hardly 
differ in external characters, and cannot be distinguished from each 
other, may belong to very different formations, and vice versa. The 
examination of a limestone in one point of view only, must therefore 
lead to a very imperfect knowledge of its nature. The mere study 
of its chemical constitution, would also afford but a very j)arlial means 
of judging it. When the mode of occurrence, the extent and the 
relations of stratification of the limestones are considered in connection 
with their other characters, conclusions may then be drawn concerning 
the mode of their formation, and it is probable that very interesting 
results would arise from such a comparison, showing the connection 
between the mineralogical and chemical characters of the limestones, 
and the causes which have concurred in their production. 

Many limestones, as that near Auerbach, exhibit clear indications 
of having been put in motion in the liquid state. Limestone of this 
kind must possess a high degree of purity, as, if this were not the 
case, (and clay or other substances were present,) the result of the 
fusion would certainly have been different, and would not have ended 
in the formation of crystals of pure carbonate of lime. 

Other limestones, which have been formed by precipitation from 
soluble salts of lime, are more likely to contain foreign admixtures, 
which have been deposited by chemical or mechanical agency. 
1'hiis, some contain magnesia, iron and manganese uniformly dis- 
seminated through them, others are mixed in the same manner with 
aluminous or silicious particles, or these are interstratified with them. 

Others, again, and a whole series of limestones, have obviously 
been formed with the concurrence of the animal creation, and it is of 
importance to ascertain what part the living beings have performed 
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in this general development. Thus, at the present moment, whole 
islands are being raised up in certain latitudes and oceans, from the 
calcareous coverings of the coralline animals, just as in former ages 
the range of the Jura and other mountains have been produced from 
the same agencry. There are likewise limestones, as the shell lime- 
stones, which are composed of masses of shells of crustaceous animals. 
The shells of these animals have been filled with lime, and cemented 
together so as to form a more or less solid rock. The bodies of the 
animals have not, however, disappeared without leaving a trace behind 
them ; for, that which is denominated bituminous in these rocks, is 
generally the residue of decomposed animal matter permeating the 
entire mass of the stone. 

Ehrenberg has also shown that the chalk, independent of the larger 
fossils, Belemniies, &c., is composed of the calcareous panzers of 
Polithalamia, with a small quantity of the silicious shells of infusoria. 
It has, therefore, been condensed by the vital powers of these micro- 
scopic animals in building their shells from the soluble lime contained 
in the water in which they existed. 

While many of these limestone formations have been deposited 
from sea-water, others appear to have been decidedly formed in fresh- 
water. Calcareous tufa is still being deposited in numerous places 
from springs, the carbonic acid in which, under greater pressure, 
dissolves lime, which is again precipitated, when the carbonic acid 
is evolved under the lesser pressure of the atmosphere. 

With reference to the chemical differences in the limestones, these 
stand in a certain relation lO their respective sources, and are very 
important in determining their application and value. 

The composition of several of these varieties is given in the tables 
below: 


Origin of the limestones. 

H, he 

V' s 

oi^ 

i 

y - 

o ^ 

Coarse grained 
limestone 
from Paris. 

.5 

3 2;’ CS 

1st 

2 5c 
1="" 5 

> ti: 

Chalk 

from 

IJougival. 

i 

■ ’^2 - 
' = S 

1 T c ~ 

i 

5 5.H 

111 

1 

Shell-limestone 

(Muschelkalk), 

from 

lloIJenhugeii. 

Analysts. 

Siro- 

Per- 

KtT- 

j Lau- 

j Ber- 

Ber- 

R. 

me>er. 

ihier. 

siea. 

] rent. 

; ihier. 

thier. 

Brandes. 

Carbonate ol' lime 

bb.bl 

98.0 

90.30 

90.00 

' 94.0 

87.2 

S3.S3 

“ innanesia 

— 

— 

2A2 

O.80 

l.G 

10.0 

1.76 

“ l)rotox. of iron 

“ protox. of nian- 

— 

— 

0.72 

u.so 




ganesc 

— 

— 

O.-IO 

— 

— 

— 

— 

Silica .... 

— 

— 

— 

— 

— 

— 

10.66 

Alumina - - - - 

— 

— 

— 

— 

— 

— 

0.03 

Oxide of iron - - - 

1 0.30 

1.0 

trace 

J.70 

3.9 

2.S 

1.73 

Oxide of manganese - - ; 

— 

— 

— 

— 

— 

0.06 

Water - - - . 

0.10 

— 

— 

1.20 

— 

— 

1.93 

Organic matter (Bitumen) - 

— 

— 

’ — 

— 

— 


— 

Number j 

1 ' 

- ! 

3 : 

4 1 

! 

' '1 

c 1 
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CHEMICAL COMPOSITION OF LIMESTONES. 


Origin of the limestones. 

Freshwater- 
limestone from 
near Paris. 

1 

Dolomite 

from 

Liebcnstein. 

Dolomite 

from 

Villefranche. 

'"Dolomite 

from 

Spezzia. 

Dolomite 

from 

Scheidama. 

Doloihite from 
Dep, de la 
Dordogne. 

Analysts. 

Ber- 

thier. 

Wncken- 

rodcr. 

Bcr- 

tliier. 

! (iBbel. 
pier. 1 

Vical. 

Carbonate of lime - - - - 

74.5 

03.87 

00.9 

55.30’ 53 5(> 

50.G 

“ magnesia - - - 

23.0 

33.24 

30.3 

41.30 41.50 

42.0 

“ protox. of iron - 


0.91 

3.0 

2.00, 1.50 

— 

“ protox. of manganese 


0.07 

O.U 

— — 

— 

Silica 

— 

— 

— 

0.5 ± 

5.0 

Alumina 

— 

— 

— 


2.0 

Oxide of iron 

1.2 

— 

— 

■ J z 

0.4 

Oxide of manganese ... 

— 

— 

— 

— •= -7 

— 

Water ; 






i^ 

— 

Organic matter (Bitumen) - - 1 


1.05 

— 

— ^ 

— 

Number 

b 

9 

10 

11 12 

13 


NORTHUMBERLAND AGRICULTURAL LIMESTONES. — UOLBECK. 

(PEIJJCIPALLT MOr.VTAIiV LIMKSTO.VIi .S.) 



Har- 

Kirk- 


Aller- 



Stam- 



tinpton. 

heatoii. 

Belsay. 

wash. 

Drybiirn. 

Oxford. 

ford urn. 

Acre. 

Lime . . . . 

34.0 

27.4 

39.0 

49.39 

38.5 

42. S 

52. <1 

37.9 

Magnesia . . . 

.0 

4.4 

1.4 

— 

— 

— 

— 

— 

Insoluble matter, 

&c. 

l 

2.2 

3.0 

2.4 

1.0 

3.G 


5.1 

Carbonic acid and 
water 

^ C3.5 

05.7 

5G.G 

49.0 

C0.5 

53.G 

43.5 

57.0 


99.4 

99.7 

100.0 

100.79 

100.0 

100.0 

98. 8 

100.0 


MAGNESIAN LIMESTONES FROM THE COUNTY OF DURHAM. — JOHNSTONE. 



fiar- 

mondsay. 

Stoney 

Gate. 

Fiilwell. 

Seaham. 

Hartle- 

pool. 

llunibledon 

Hill. 

Ferry 

Hill. 

Carb. lime . . . 

. 97.5 

9S.00 

95.0 

90. 5 

^ ^ 

95.0 

54.50 

57.90 

00.41 

54.10 

Carb. Magnesia . 

2.5 

1.01 

2.1 

2.3 

1.3 

41.93 

4l.bU 

38.78 

44.72 

Alumnia ox. iron, 
See. 

1 . trace 

0.27 

0.3 

0.2 

0.2 

0.33 

7 

7 

1.58 

Insoluble matter 

. trace 

0.12 

2.G 

1.0 

3.5 

0.24 

0.2S 

0.81 

4.G0 


100.0 

100.00 

100.0 100.0 100.0 

100.00 

99.98 

lOO.UO 105.00(?) 


MAGNESIAN LIMESTONES AFTER BURNING. — *RICHARDSON AND ^HOLMES. 



®Ripon. 

°Knaresboron 5 'li. 

•Fulwell. 

•Bolden. 

Lime 

71.125 

72.0 

62.80 

80.64 

Magnesia - - - - 

25.625 

25.5 

32.75 

11.31 

Ox. iron, alumina, &c. 

1.750 

1.0 

2.30 

1 6.05 

Insoluble matter - - 

1.500 

1.5 

trace 

Water 

— 

— 

2.15 

2.00 


100.000 

100.0 

100.00 

100.00 
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MAGNESIAN LIMESTONES. — RICHARDSON. 

Near River Tyne. Sunrlerland. Rothbury.(?) 


Lime 28.75 54.65 28.75 53.25 30.73 

Magnesia 19.00 0.75 20.70 1.05 14.55 

Alumina and oxide iron - 0.75 0.45 3.15 1.15 4.41 

Insoluble matter - - - 4.85 — trace 1.60 7.10 


Carbonic acid and water - 45.00 44.50 47.75 43.80 43.21 

98.35 100.35 100.35 100.85 100.00 


MOUNTAIN LIMESTONES, &C. RICHARDSON. 



SlK)tley Briflg( 

Harc*s 

Jiaw. 

Kilbride. 

Portn 

Kal. 

Lime 

. 44.43 

32.31 

54.88 

49.68 

51.86 

48.11 

Magnesia 

1.27 

trace 

trace 

1.26 

2.00 

2.76 

Alumina and oxide 

^ 1.15 

4.59 

trace 

4.51 

0.29 

4.45 

ot iron . \ 

Insoluble matter 

— 

29.65 

1.55 

2.12 

— 

2.50 

Carbonic acid and 

1 42.59 

34.02 

43.85 

42.81 

44.49 

41.03 

water . N 


89.44 

100.57 

100.28 

100.38 

98.64 

98.85 


MOUNTAIN LIMESTONES. 


United 



Durlinm.* 

Stanliope. 

Seoilnnd.f 

Broxburn. 



Bifiir- 

Adam. 

Slat 05. if 
Hudson 
River. 

Carbonate of lime 

95.06 

93.77 

56.32 

62.72 

60.63 

45.30 

Carbonate of magnesia 

2.46 

.37 

2.14 

7.89 

13.19 

25.70 

Alumina, oxide iron, &c. 

1.00 

3.S7 

3.76 

4.9G 

8.71 

11.38 

Insoluble matter . 

1.32 

1.59 

36.10 

22.24 

16.14 

15.37 

Water 

— 

— 

1.90 

0.98 

0.30 

2.25 


99.84 

99.60 

100.22 

98.79 

98.97 

100.00 


CUMBERLAND LIMESTONES. 



Coi'kerinoiuh. 

Branipttin. 

RellieJid. 

Carbonate of lime 

94.86 

94.56 

95.95 

Sulphate of lime 

0.23 

0.32 

0.24 

Phosphate of lime . 

— 

0.33 

— 

Carbonate of magnesia 

1.26 

2.32 

0.54 

Alumina and oxide of 

iron 0.73 

I.IS 

1.21 

Silica 

2.92 

1.29 

2.06 


100.00 100.00 100.00 Johnstone. 


* Johnstone. 


•j- Fniiuberp', 

2e** 


X Bjck. 
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CHALK LIMESTONES, BY HOMER. 


Macstrioht. Osnabrurk. Kroinsborg. Retlien. 


Carbonate of lime 

96.5 

26.0 

86.5 

85.5 

Carbonate of magnesia 

1.0 

— 

— 

0.5 

Alumina and oxide of iron 0.5 

7.0 

4.0 

.3.0 

Silica 

0.5 

59.0 

5.5 

6.0 

Water 

1.5 

8.0 

4.0 

5.0 


100.0 

100.0 

100.0 

100.0 


LIMESTONES AND MARLS FROM NEAR LYNN, AND OTHER LOCALITIES IN 
NORFOLK. RICHARDSON. 


Lime .... 

33.90 

41.50 

33.90 

46.44 

45.40 

Magnesia 

— 

trace 

5.85 





Oxide of iron and alumina 

7.40 

4.65 

6.45 

trace 

4.55 

Clay , . 

29.35 

14.15 

17.45 

8.22 

5. "25 

Carbonic acid and water 

29.05 

40.05 

36.00 

41.46 

43.00 


99.70 

100.35 

99 65 

96.12 

98.20 


COMPOSITION OF SCOTCH LIMESTONES. — JOHNSTONE. 

Argyleshirc. Derwickshire. Invernestiliire. 


Ardour. Contyre. Ban. Olen- I.angton. Beauly. 

I 2 hurvie. 1 (I 4 1 •» 

Carbonaie oflirne . . <>0.14 r-tUo OO.W 4-{.'^r> 47.00 no.Ol 4;{si ()-,{ m.> «, 4 "io 

Carbonait* ot numiu^sia . (i.lil 2.rX) 0 44 0.(>2 :{r04 ;{0.5>:) 00 50 104 ‘ 1 0(» 

Alumina and oxnlf ot iron (i.fil 051 0.20 l.‘‘l 11.04 i 5‘) j },rj | ji, .^-,7 o'wj 

Siliceous matter .... 0.(H 7.4s 1.27 0.40 11.05 21.41 12.07 2t);27 li^OO ‘J f>5 2./4 


1(MI.04 00.70 1(KI.0.> 90.70 00.00 100.10 lOO.(K) OO.f»2 00.07 UKKIU 100, (HI 


ASSYJfT, SUTHERLANDSHIIIE. 

Carbonate of lime 
Carbonate of magnesia 
Ox. iron and alumina . 
Siliceous matter . 

Alkaline salts 

Gypsum .... 


49.92 

36.23 
4.70 
7.92 

.20 

.27 

99.24 


STIRLINGSUIHE, BOCIUHAN. — THOMSOIT. 


Carbonate of lime 
Carbonate of magnesia 
Phosphate and perox. iron 
Silica and alumina . 


1 

O 

ri 

53.09 

56'07 

53.06 

4.3.49 

39.34 

43.11 

0.96 

0.74 

2.34 

2.46 

3.85 

1.49 

100.00 

100.00 

100.00 



NATURE OF THE LIMESTONES. 


355 


STIHLING, MURRAY S HALL. — SINCLAIR. 


Carbonate of lime 


93.32 

97.80 

Peroxide of iron 

, . 

2.79 

0.63 

Coaly matter 

. 

0.28 

0.64 

Silica and alumina 

• 

1.36 

1.92 



97.75 

100r99 

BERWICKSHIRE. 

, TWEED. STEVENSON. 


Carbonate of lime - - 

1 

- 49.60 



“ magnesia 

- 44.00 



Silica 

- 4.00 



Phosphate of iron - - 

— 

0.74 

0.727 

Peroxide of iron - - - 

- 1.20 



Alumina 

- 1.00 




99.80' 




The foreign substances, which constantly accompany the limestone, 
are of tw’o distinct kinds, as will be seen from a glance at the first 
two tables. Firstly, the combinations of carbonic acid with protoxide 
of iron, protoxide of manganese, and magnesia, which bases are iso- 
morphoiis with lime, form an interesting subject in connection with the 
probable mode of formation of the limestone rocks. Even in cal- 
careous spar, in the perfectly crystaline mineral, therefore, a certain 
amount of carbonate of magnesia is present, which increases in dif- 
ferent specimens, from a mere trace to an amount equal to that of the 
carbonate of lime (when the mineral is called dolomite), and, passing 
through various intermediate stages, the proportions expressed by the 
following formula are often attained, Ca 0 ,C 02 : 3Mg0,C02. Thai 
which has here been stated with reference to the mineral, applies in 
the same manner to the entire rock. It gradually passes from nearly 
pure carbonate of lime into dolomitic limestone, and its nature becomes 
very much changed in consequence. While pure burnt lime absorbs 
w^ater with great avidity and occasions a great disengagement of heat, 
forming a dense very soft paste, or, as it is called, becomingya^; the 
limestones containing magnesia are poorer in proportion as they 
approach to the composition of dolomite. The oxides of manganese 
and iron which are so frequently found in the limestones, have pro- 
bably been formed by the action of the atmosphere upon the protoxides 
of these metals."^ 

Besides the carbonates, the silica and alumina contained in the 
limestone rocks are also of interest. They exist in the most variable 
proportions, often combined in the form of clay, sometimes associated 


* [It is Imrdly necessary to say U) tlie render, tliat nil the varieties of lime- 

stone exhibited in the above analyses, are found in one part or another of the United 
States. This will be fully verified by a reference to the numerous State Geological Re- 
ports, and also to the excellent “systent of mineralogy" of Dana.] — Am. Ed. 
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with magnesia, sometimes alone. The silica is often, but the alu- 
mina never, in excess, so that both remain undissolved in acids. 
Their presence is without any perceptible influence when they are 
present in small quantity ; but when their amount exceeds 10 per 
cent., the limestones are slaked very slowly and with difficulty after 
burning, their affinity for water is diminished, and they are then appli- 
cable to very diti’erent purposes. Of these we shall have occasion to 
speak below under the head of hydraulic lime. 

The bituminous portions and the water are of no importance in the 
applications of lime, as they are destroyed or removed in the kiln. 
To complete the preceding analyses it must be stated, that nearly all 
kinds oi^ limestone, after burning and slaking, aflbrd sulphate of pot- 
ash and chloride of potassium (or the corresponding sodium com- 
pounds) to water. These salts, and probably also silicates of the 
alkalies, are doubtless contained in the limestones themselves; the 
amount of alkali has probably been overlooked in the analyses from 
its minute quantity, and not having been specially sought for, or, 
being in combination with silica, has been left with the clay and not 
discovered. The presence of potash in the aluminous portion has 
been proved by Fuchs, Kersten, and Kuhlinann ; traces of phosphoric 
acid have been found by Fuchs, and by Kaiser; and lastly, traces of 
titanic acid by Fuchs and Kersten. The potash, it may be stated, is 
one of the principal causes of the beneficial effects of marl in agri- 
culture. 

Lime Burning — Chemical Process . — Carbonate of lime is not de- 
composed at a low red heat, but is converted at a bright red heat 
into carbonic acid and lime. The temperature at which the decom- 
position is effected, is, however, influenced by circumstances, or rather 
depends entirely upon the facility afforded the carbonic acid for escape 
when it has been expelled from the lime. If the limestones are con- 
stantly surrounded with an atmosphere of carbonic acid, the further 
evolution of carbonic acid from them is, according to Faraday, very 
much impeded; but if the gaseous acid is removed as quickly as it is 
expelled from the lime, the process of removing the future portions of 
acid is much accelerated. In close vessels, the decomposition is 
stopped as soon as the space, not occupied by the lime, has become 
filled with carbonic acid. Hall found that pieces of carbonate of lime 
enclosed in a tube, and, consequently, under a high pressure, resisted 
decomposition in the porcelain kiln, and melted with a loss of, at 
most, 1 per cent., and thus solved the apparent contradiction alluded 
to in the theory of the primitive limestone. It was not immediately 
obvious why this limestone, wffiich had been forced up in the melted 
state, should not have lost its carbonic acid at the melting tempera- 
ture. After Hall’s experiment, it is fully explained by the high de- 
gree of pressure under which the fusion occurred. 

After these more general remarks, it will be proper to take in re- 
view the technical processes employed in burning lime, which must 
be viewed as a preparation of the limestone for its numerous appli- 
cations in the arts. It has, indeed, already been indicated in the 
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foregoing section, that lime is occasionally burnt simultaneously with 
bricks; this, however, is only an exceptional case to the general 
practice, although the two processes are so far alike, as to be carried 
on, both by the most uneducated and needy laborers in the country, 
as well as by the most skilful manufacturers and capitalists in the 
neighborhood of large towns. All grades of perfection and variations 
in the process of lime-burning are consequently met with, of which 
the following examples are intended to give a summary idea. 

Lime-kilns at Rodheim . — One of the simplest, but at the same time 
rudest arrangements, is that adopted in the neighborhood of Giessen 
(near Rodheim), in which the dense (transition) limestone found in 
that locality is burnt. The kiln. Fig. 228, is perpendicular, and 


Fi- 228 . 



constructed of the same limestone (in the dry state and without mor- 
tar) as that which it is intended to burn. It is placed at the side of 
a steep hill or declivity, so that the mouth e, is equally accessible 
for charging the kiln, as the fire-place d, for stoking and introducing 
the fuel. The shaft is round throughout ; 6 feet in diameter at the 
top, and gradually expands to 10 feet at about one-third from the 
bottom. A sudden contraction of the diameter is there introduced, 
forming a sort of projection inwards of 1 foot in width, and the size 
of the kiln then diminishes until it acquires a diameter of about feet 
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at the bottom. The projection or ledge is carried in the form of a 
ring all round the interior of the furnace, but not at the same height 
from the ground, inclining, as will be seen in the drawing, towards 
the stoking hole. The charging is carried on upon a certain fixed 
plan. The lime-burner begins by constructing a pointed arch c c, 
upon the ledge, with the large pieces of limestone which are selected 
expressly for this purpose. He forms, in this manner, a kind of sup- 
port or foundation, upon which the other limestones are thrown in, 
at random, from above, the largest first, and the smaller pieces after- 
wards, which are also piled up above the mouth of the kiln. ^\hen 
the charge has been thus arranged, a pile of \vood is erected in the 
space below the arch and ignited. The regulation of the fire is by 
no means an unimportant point, as the possibility of completing the 
burning depends upon the length of time that the arch c c, which acts 
as a support, will endure. The stones, composing this arch, being 
unconnected by any cement, and unhewn, and only touching in a 
few places so as to leave a free ingress for the flames, a slight shock 
will often cause the downfall of the whole, and put a stop to the 
operation. The sudden and powerful action of the fire, by expanding 
the stones very rapidly, and driving out the moisture with such force 
as to rupture the stones, will often produce a sufficient shock to create 
a catastrophe of this kind. The art of burning lime, therefore*, con- 
sists in bringing the mass of lime^stone as gradually as possible to a 
red heat. The first period is called the sniokin^^ because the gases 
evolved from the fuel, being too much cooled, are imperfectly burnt, 
and pass off in the form of a thick smoke. The temperature generally 
increases in a kiln of this kind, during the first two-lhirds of the lime, 
until it attains a white heat, and diminishes again in the last third. 
The firing must, however, be kept up until the uppermost stones have 
been completely burnt. During the firing, the bulk of the stones is 
much diminished, and the heap above the mouth of the furnace sinks 
gradually down. In a kiln similar to that in llie drawing, the firing 
lasts 3 times 24 hours, and requires 60 slacks of beecli wood (about 
600 cwts.) to burn 400 butts ( = 4000 C. feet Hessian) of lime. A 
considerable time elapses before the furnace is sufficiently cool for 
the removal of the stones, which is effected through the stoking hole C. 

The evils of such a system of burning, which involves an enormous 
waste of fuel (the loss of time not being taken into consideration), are 
obvious. The furnace must be allowed to cool each time it is dis- 
charged, and the entire amount of heat, or, what is the same thing, 
the whole of the wood employed for raising the very extensive sides 
of the kiln to the temperature at which lime is burnt, must be sacri- 
ficed. It is also evident that, in such a system of burning, the lower 
half of the limestone must be thoroughly caustic, while the upper 
portions are still in the mild state. The upper part is at a very con- 
siderable distance from the fire, and removed from the direct action 
of the flames, is burnt, consequently, at a much greater cost of fuel 
than would otherwise be necessary. At the same time, the lower 
layers in the kiln are exposed to the consant danger of becoming 
over-hurnt. which verv much iniures the quality of the lime. 
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No further proof is wanting to show that these evils are due to the 
bad arrangement of the kiln, and that they may be diminished, although 
not entirely removed, by constructing these lime-kilns upon a better 
principle. A great advantage is gained by constructing the kilns of 
brick-work in a more solid manner, giving the shaft more appropriate 
dimensions and shape, and building the kilns in situations less subject 
to be obstructed in working by moisture, &c. 


Fig. 229. Fig. 230. 



These improvements have been carried out in the kiln, shown in 
Fig. 229, employed in the neighborhood of Brunswick. Instead of 
a rudely constructed wall, an outer wall is erected in these furnaces 
with an internal one of si/iid brick-work. The fire is placed upon 
the grate w'hich separates the ash-pit a from the fire place b. The 
grate is really a perforated brick arch, an upper view of which is 
given in Fig. 230. 

The furnaces, constructed upon the plan of those in Rodheim, are 
only calculated for the consumption of wood, as a denser fuel, like 
coal or peat, would not obtain a sufficient supply of air upon the flat 
hearth to burn with advantage. In the case of peat, which leaves a 
voluminous ash, the draught is still more obstructed. 

All kilns of the kind in question, or intennittent kilns, as they are 
called, are therefore furnished with a grate, when coal, lignite, or 
peat are used as fuel. 'Yhft perpetual^ or draw-lalns, are constructed 
upon the principle of avoiding all those evils from the commencement. 
The object is as apparent in the construction of the kilns as in the 
manner of working them. Fig. 231 represents a vertical section of 
a common form of perpetual kiln constructed for a coal-fire; Fig. 233 
is a horizontal section of the same through the drawing-holes. The 
actual burning-space is a shaft in the form of an inverted cone, wide 
at the top and narrow at the bottom. There is no separate hearth; 
the apertures a, a, a, seen in front view at Fig. 232, of which there 
are three, serving only for drawing out the lime. A layer of brush- 
wood is first placed at the bottom of the kiln, upon this some coal, 
then a layer of limestone, which is again covered with coal and then 
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another layer of limestone, and so on until the kiln is filled. The 
last layer of stone is heaped up above the mouth of the kiln, and the 
progress of the firing is judged of by the manner in which it sinks 
down; the sinking in this case being due, not only to the diminution 
in bulk of the stones, but also to the consumption of the fuel. As 
soon as the uppermost layer has sunk down to the level of the top of 
the kiln, another charge of coal and limestone is thrown upon it. In 
the meantime, at intervals of ^ to of an hour, the lime which has 
sunk to the bottom of the kiln is drawn out through the holes, a, a, a. 
The lower the charges sink in the kiln, the more the coal is consumed, 
and the less space they will occupy; for this reason the inverted con- 
ical form of the kiln is the most appropriate. The intensity of the 
fire can be regulated with perfect ease by adding more or less coal 
with each charge of limestone. The draught may be impeded by 
stopping the apertures, a, a, a, entirely or in part. In a kiln of the 
above dimensions, 500 cubic feet of lime are drawn in 24 hours, and 
the consumption of coal is about 2 tons. 

Another example of the produce and cost is showm in a kiln of 
similar construction, (that of Luemschweller, near Miilhausen). The 
kiln is 14.4 feet high, 13.6 feet in diameter at the top, and 4 feet 

at the bottom ; the grate being 
situated at a distance of 2 
feet above the sole. It con- 
tains 400 cwts. of lime, of 
which J is burnt in a day. 
The burnt stones are drawn, 
or allowed to fall down, by 
removing the grate-bars. A 
single layer requires 4 days 
to attain the grate, and con- 
sists of lumps of lime of about 


Fig. 234. 
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set 

64 cubic inches as a mean. The consumption of coal amounts to 
about Jth the weight of the limestone. 

Fig. 234 represents a kiln with somewhat differently constructed 
discharging-holes, and shows the manner in which the coal and lime- 
stone are stratified in the kiln. 

Coal is a kind of fuel that is easily broken in small pieces, or in 
the form of brees is already in a fit and convenient state for spreading 
about between the layers of limestone. Another advantage, arising 
from the use of coal, is the small quantity of ash which it leaves, and 
which is easily removed from the kiln Muth the burnt lime. These 
remarks do not apply to wood, which is reduced with difficulty into 
small pieces, and not being equally distributed amongst the limestone, 
impedes the regular burning and delivery of the lime; nor to peat, 
which in general leaves so large a proportion of ash as to subject the 
kiln to the danger of becoming stopped. In those cases, where a 
perpetual process must be combined with the use of w^ood and peat 
as fuel, the construction of the kiln must undergo a suitable modifi- 
cation. While the kiln retains its character as a perpendicular or 
shaft furnace, the fuel, instead of being interstratified with the lime- 
stone, is burnt on separate hearths at the sides of the shaft, and the 
flame is conducted into the latter, w hich, in this case, contains nothing 
but the material to be burnt. The number of the fires which must 
alw^ays be symmetrically arranged round the circumference of the 
shaft, is regulated by the size of the kiln, so that kilns with 3, 4 
and 5 fires are met with. The fuel consumed in furnaces of this 
construction must, of course, yield a long and lively flame, as from 
W’ood, peat, or coal ; but for the latter, the arrangement is not so 
economical as the plan of stratification previously described. 

[Figs. 235 and 236 are sections of a range of lime-kilns, where 
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the amount of work to be done is very great. The shaded part is the 
body of the kiln, which is charged at once, direct from the wagons 
running along the top, on a railway. «, fir, <7, <3r, a, are iron clamps 



for securing the masonry. The other parts of the drawings are in- 
telligible without further description. 

The best example of a lime-kiln, in which wood and peat are used 
as fuel, is that of Riidersdorf, the only locality in the great plain that 
surrounds Berlin, where a deposit of limestone occurs, and which 
projects like an island from the surrounding tertiary formations. The 


Fig. 237. 
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deposit belongs to the shell limestone (Muschelkalk) formation, and 
supplies the whole of the lime consumed in the capital. 

The drawing, Fig. 238, shows a perpendicular section through the 


Fig. 238. 

A A 



Ji, A- 


middle of the shaft; Fig. 237, a horizontal section at the height of 
the fire-places, on the right hand, and at the height of the draught- 
holes, on the left hand of the dividing line, Z, Z. 

The inner portion only, included between the letters A, belongs 
essentially to the kiln. The external w all J5, B, encloses spaces 
under the arches p, p, p, the lower floors of which are used as maga- 
zines for keeping the fuel and lime dry, while the third and fourth 
serve as night quarters for the w^orkraen. 

The shaft is 47.7 feet (Hessian) high from the fire-place to the 
mouth, and from the sole to the fire-place is a distance of 8*8 feet, 
the w’hole is therefore 56^ feet high ; the wddth of the kiln at the 
mouth is 7^ feet ; at the sole it is the same, and at the widest part it 
is 10 feet in internal diameter. The whole extent exposed to the fire, 
40.2 feet, is lined wdth fire-bricks d\ the lining being from ^ to 
bricks thick, at different heights, from the top downw^ards. This 
fire-proof facing is surrounded by the inner w'all, e/, d, w hich is un- 
protected above near the mouth. Both are surrounded by an outer 
wall, e, e, at the distance of some inches. The space betw'een the 
walls is filled wuth ashes, and is called a filling. Its object is two- 
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fold: first, to allow of the expansion of the internal shaft, which is so 
considerable at the high temperature of the kiln as to burst a closely- 
fitting wall ; secondly, to retain the heat, the ashes and air included 
in the intermediate space being very bad conductors of heat. On 
the three sides of the hexangular kiln, the fires, 6, 6, 6, alternate with 
each other. The fuel is placed under an arch, g*, which is lined like 
the shaft itself with fire-bricks, upon perforated slabs of clay, which 
conjointly form the grate ; in the middle, where they come in con- 
tact with each other, they are supported by the girder, y*. An iron 
door closes the entrance to the fire, by which means the fuel is kept 
better together. The draught has access to the grate through the 
channel, A. The ash collects, in the pit, i; to remove it, the iron 
plate, is withdrawn, and the ash falls of itself into the space £, 
w^hence it is removed in barrows. 

The apertures a, a, for drawing the lime, are widened towards the 
interior, in order to facilitate the descent of the lime, and that the 
arduous operation of removing it may be lightened as much as pos- 
sible, the sole of the kiln is not only inclined towards the drawing- 
holes, but constructed specially so that the stones shall fall down of 
themselves. Towards the three sides, where the drawing-holes are 
situated, the sole is divided from the centre into ridges, so that the 
stones can easily slide down, upon their sharp edges, towards the 
drawing-holes. The draught through these holes would cool the 
kiln too much, as the fuel is supplied with sufficient air through the 
grates; they are, consequently, kept closed by iron doors, except 
during the time the lime is being withdrawn. In front of the drawing- 
holes, a perpendicular channel, kj passes upwards into the outer 
chamber, H; this is intended to protect the workmen from the intense 
heat, the hot air passing upwards into H before it reaches them. 

While burnt lime is continually drawn from the bottom of this 
furnace, fuel is constantly supplied to the middle, and fresh limestone 
thrown into the mouth. I'he latter, wffiich is brought into connection 
with the quarry by a railroad, is covered with a ring-shaped lid, c, 
and surrounded by a railing. 

The first time the furnace is used and brought into work, the 
management of it is different. The work commences in a precisely 
similar manner as if no fire-places, 6, 6, were there, the shaft is filled 
up to that height, 8.8 feet, and the stones are burnt by a fire placed 
in the draught holes. When these are burnt, the shaft is completely 
filled, the stones being first let down in large casks, and afterwards 
thrown in until a heap is collected above the mouth, the fires are 
then ignited in the proper fire-places, and the ordinary routine of the 
kiln commences. Every 12 hours lime is drawn out of the kiln, 
from 60 to 72 cwts. (Hessian) at a time. The term perpetual kiln is 
not quite appropriate as applied to these kilns, the lime being drawn 
at intervals (of 12 hours in the Riidersdorf kilns). Lime-kilns might 
be better divided, into such as must be cooled in order to withdraw 
the lime, and such as remain hot and work continuously. 

There are at Riidersdorf altogether two kilns with 3 fires, one 
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with 4 fires containing 2600 C. F., and one with 5 fires which 
holds 3000 C. F. of lime. The kiln with 5 fires yielded, in 12 
hours, from 60 to 75 cwts. of burnt lime ; it requires more fuel than 
the kiln with 4 fires, which yields the same amount of produce. 

In the year 1829, for example, 26496 C. F. of limestone w’ere 
converted into 19196 C. F. of burnt lime, which is equivalent to 
72 per cent, of the volume ; the consumption of fuel was 460 stacks of 
wood for igniting the kiln, and 547560 C. F. of peat for burning. 

The limestone of Riidersdorf yielded, in a special experiment, 
52 per cent, by w^eight of burnt lime. 

Consumption of Fuel . — Notwithstanding the great saving of fuel, 
which is effected in perpetual kilns, as must be obvious from the in- 
controvertible facts detailed above, yet it would be very inconsistent 
to judge all kilns by this measure, and condemn at once the simpler 
modifications first described. It must be borne in mind, that kilns, 
like those at Riidersdorff’, demand the entire attention of the workman, 
and cannot be well attended to as a casual occupation, or as a 
secondary branch of husbandry, for instance; it must also be remem- 
bered that perpetual furnaces are always yielding, that is, they produce, 
in the same time, a much larger amount of burnt lime, and are, 
consequently, only economical where there is a large and constant 
demand for the produce. An unqualified condemnation of the kilns 
first described, as employed in the Low Countries, would be absurd, 
there being no demand for large supplies in that quarter. Never- 
theless, every improvement in their construction would be a great 
boon to the public, for they must be decidedly classed amongst the chief 
sources of the w'asteof fuel. The best mode of arriving at some sure 
foundation from which to calculate the amount of this waste, will no 
doubt be, by ascertaining the theoretical amount of fuel that is neces- 
sary to burn a given weight of lime, and making this result the 
standard by which to compare the real loss. At vol. i. page 79 
it is stated that 1 lb. of wood fuel is capable of heating 26 lbs. of water 
100° C. If the specific heat of limestone and carbonic acid is taken at 
J that of water, and the temperature at which lime is rendered 
caustic is calculated at 800° C., it results, first, that 1 lb. of wood 
will heat 3x26= 78 lbs. of lime to 100°, and consequently = 
9.75 lbs. of limestone to 800°; or in other words and round numbers, 
only of the w’eight of the lime is requisite. In practice from 4 
to 6 times as much is consumed. The limestone, it is true, does not 
lose its carbonic acid all at once, as the calculation presupposes, 
even when it has acquired the proper heat, but the acid is evolved 
very gradually; it is, consequently, not only necessary to heat the 
kiln for a single instant to the proper temperature, but to keep up that 
temperature Tor a considerable time. But, even if the quantity of 
wood calculated as necessary be doubled, on account of this latter 
circumstance, yet there still remains a loss of an equal quantity, and 
it may be positively asserted, that the quantity of wood consumed in 
the lime-kilns is about as much again as it should be. The heating 
power of coal being to that of wood as 60 : 26, for every 10 lbs. of 
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lime burnt there should be 0.43 lbs. of coal consumed. But, as was 
stated above, for every cubic foot of lime, from i to ^ cubic foot of 
coal is burnt, which is equivalent to from 2.4 to 3 lbs. of coal for 10 lbs. 
of lime, and consequently a very much greater waste.^ 

Lime may be burnt, like bricks, in mounds; but the irregular form 
of the pieces, and the contraction which ensues, render the process 
difficult, and it is consequently seldom practiced. 

Produce, — Chemically, pure carbonate of lime loses 44 per cent, 
of carbonic acid, and yields, after burning, 56 per cent, of caustic 
lime (CaO). The produce from the kilns upon a large scale is much 
less when the limestone is very moist, and greater when it contains a 
large proportion of clay which loses nothing in the kiln. The average 
amount of produce obtained, ranges between 45 and 77 per cent., 
the ordinary quantity being about 54 per cent. The contraction is 
not so considerable as might be expected, as the burnt lime is very 
porous. The specific gravity of limestone is diminished from J to ^ 
by burning, and its volume is reduced from 10 to *20 per cent. Triest 
found, by direct experiment, the weight of a solid cubic foot (Hessian) 
of Riidersdorf limestone = 93 lbs., after burning = 48 lbs. ; the loss 
was, therefore, = 45 lbs. or 48 per cent. 100 lbs. of fresh Rodheim 
limestone, to give another example, occupy a space = 209, after burn- 
ing (when they only w^eigh 60 lbs.), the space which they occupy is 
reduced to 183; the contraction, therefore, amounts to 12A per cent. 

Besides the lumps or shells of lime, there is always a portion leaves 
the kiln in the state of powder, which is in consequence of the stones 
splitting in the fire, or is due to the friction in charging and discharg- 
ing the kiln. 

Action of Aqueous Vapor in the fciln . — Moist limestone is said by 
old lime-burners to burn much more easily than dry limestone. This 
fact, which is so wtU established among them that they prefer burn- 
ing stones fresh from the pit, or even moisten those which have be- 
come dry in the air with water before putting them into the kiln, is 

• In the calculations of the text tlie coinpuie<l quantity of fuel thwrelically sui)[>ose<l 
to be necessary for burning lime is based solely on the assumed specific heat oJ' limestone 
and carbonic acid, and no account appears to be taken of the heat whicl iK^conies latent 
when carbonic acid passes from the solid to the gaseous state;. This imission to con- 
sider the heat of elasticity is about as reasonable in the case of carbon acid as would 
be a neglect to compute the latent heat of steam, and only taking accoin of the sensible 
heat imparted to the water in raising its temperature to the Ixiiling pc it. In the cas»^ 
of solid water, or ice at the melting point, the heat of fluidity is 140 degrees and the 
sensible heat required to bring the liquid to the boiling point ISO®. The sum of these 
two is 320 degrees only, while the latent heat of elasticity is 1030° (see vol. i. page 
79), consequently the heat required both to melt the ice and raise the water to the 
boiling point is only about one-fourth of the whole quantity required to convert ice at 
32® into steam at 212°. That the conversion of sr>lid into gaseous carbonic acid is a 
process analogous to the conversion of ice or of water into steam is rendered evident, first 
by the fact that both operations require ac*ontinued high temperature, and secondly from 
what we know of the evaporation or gase/ying of liquid carl)onic acid, in which process, 
as seen in Thilorier’s experiments, the heal becoming Intent in the gasefied portion is so 
great as to convert a considerable portion of the liquid into solid or frozen carbonic acid 
with an intense degree of cold. Hence the waste of fuel is by no means so great as the 
computation of the text bupi>oses. — Am. Ejj. 
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not without a true foundation, although it is often misunderstood in 
practice. In order to arrive at the true explanation of this phenome- 
non, we must remember the fact, that the same quantity of a gas or 
vapor ascends (although not so quickly) into a space already occupied 
by another gas (provided the space be not filled with the same gas) 
just as it would into a vacuum; the different gases possessing so 
powerful a tendency to permeate each other, that in doing so, they will 
often overcome a considerable resistance. Water, for example, evapo- 
rates as readily into dry air as into a vacuum ; but the further evapo- 
ration is impeded when the space above the water, or the air, is already 
impregnated wdth aqueous vapor. The manner in which these phe- 
nomena affect the lime in the kiln has been demonstrated by Gay- 
Lussac in a very ingenious and satisfactory manner. Pieces of marble 
were placed in a tube, which was so arranged in a furnace that the 
temperature could be easily regulated. The one end of the tube was 
connected with an apparatus for the evolution of steam, and the oppo- 
site end with a contrivance for collecting the carbonic acid. The 
temperature was raised, so high at first, that the marble began to be 
rapidly decomposed, when, by impeding the draught, it was reduced 
to a dark red heat, so that all evolution of carbonic acid ceased. 
When aqueous vapor was permitted, at this moment, to pass over the 
red-hot lime, carbonic acid again made its appearance in considerable 
quantity, and continued to pass off under these circumstances in a 
manner entirely dependent upon the current of vapor. It stopped 
when the vapor was cut off, and began again immediately upon its 
admission. Hence, it follows directly, that the decomposition of the 
limestone is effected at a low^er temperature by the agency of aqueous 
vapor than under ordinary circumstances. The same, however, 
may be effected by a current of air, as by steam, and the action of the 
vapor is, consequently, only mechanical, tending to form an atmo- 
sphere around the blocks of limestone, which is void of carbonic acid, 
and is thus in as fit a state for being permeated by the gas as a vacuum 
would be. In the one case, the escaping carbonic acid has to over- 
come the pressure of that w^hich has already been evolved, while in 
the other, this is entirely obviated, the kiln being free from carbonic 
acid gas, or filled with a gas of a different nature. 

That carbonate of lime remains undecomposed at a red heat in the 
presence of carbonic acid has been proved, as already stated, by 
Faraday and Hall. Petzholdt has even showm, that caustic lime, 
when exposed to a current of carbonic acid at a white heat, (at a 
temperature, therefore, at which the carbonate is speedily decomposed,) 
absorbs a sufficient quantity of the gas to effervesce vigorously wulh 
acids, and is no longer slaked in water. ' 

When, on the one hand, therefore, it cannot be denied that lime- 
stone is more easily burnt under the influence of a current of steam, 
yet on the other, it is very questionable whether the practice of 
burning moist stones is really advantageous. The practice of bringing 
moist stones into the kiln is equivalent to the exposure of limestone 
very much below a red heat to the action of a current of vapor, as 
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far the greater part of the water must be uselessly expelled (with a 
proportionate waste of fuel) before the stones acquire a red heat. 
The small proportion of water retained in the interior of large lumps 
of limestone, when they have been brought to a red heat, is all that 
can be of actual benefit in the kiln. In perpetual kilns, the aqueous 
vapor expelled from the fresh charges (which carries away a certain 
portion of heat) might perhaps be conducted with benefit through the 
layers which are in the act of parting with carbonic acid. But the 
whole arrangement of the furnace must then be reversed; the fire- 
places of the kilns in Riidersdorff, for instance, ought then to be placed 
at a short distance below the mouth, and the draught be conducted 
through a separate channel from above to the lower part of the kiln. 
The lower degree of temperature which can be used with the aid of 
aqueous vapor is, how’evcr, probably too inconsiderable to merit 
special attention. Experiments on a large scale, with a view to clear 
up this question, would nevertheless be well worthy a trial.* 

The flame or the current of gas passing from the fuel, would of 
course only partially replace a current of air or aqueous vapor, as it 
contains a considerable amount of carbonic acid. Some furnaces, 
as that showm in Fig. 234, are specially furnished with a channel 
c, for conveying a current of air, with this view’, through the kiln. 

Burnt Lime , — To return from these remarks to the subject before 
us, it will not be unseasonable to examine the chemical changes which 
those limestones, that do not consist of pure carbonate of lime, undergo 
in the kiln. All the other carbonates lose their carbonic acid in the 
same manner as the lime; magnesia remains in the pure state, while 
the oxides of iron and manganese enter upon a higher state of oxida- 
tion. The water is simply evolved, and the bituminous and organic 
matters are burnt. An important mutual action is induced between 
the silica, both that in the free state, and that which is in combination 
wdth alumina and the lime. Lime, w’hen burnt, combines with the 
free silica at a red heat, or enters as a constituent into the compound 
silicate of lime and alumina which is formed. It will be obvious 
from these facts, that the foreign substances must exercise consider- 
able influence upon the quality of the burnt lime. In the purer 
varieties of limestone that contain but very little foreign matter, the 
influence is imperceptible. Berthier examined some specimens of 
lime, after burning, wuth a special view to ascertain the amount of 
this influence. As the clay and silica are less prominent in these 
instances, the action of the magnesia is rendered still more obvious, as 
will be seen in the following table, in which the other ingredients are 
not noticed : 

• The improvements of Mr. Richard Tilijhman of Philadelphia in decomposing various 
natural and artificial salts by the action of steam passing over them at high ntmpera- 
tures, are founded on principles analogous to those which govern the action of vapor on 
burning lime. — Am. Ei>. 
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Number 

1 

2 • • 5 6 

8 

10 



The fresh stones contained : 



Carbonate of lime - I 

1 97.0 

1 98.0 1 96.5 1 95.0 | 94.0 I 87.2 

1 74.5 

1 60.9 

magnesia 

1 2.0 

1 0.0 1 2.0 1 1.3 1 1.6 1 10.0 

1 23.0 

1 30,3 


The burnt stones contained : 


Lime ... 

Magnesia - - - 

96.4 ! 
1.8 

97.2 

0.0 

95.4 

1.8 

93.5 

1.0 

91.6 : 
1.5 

86.0 

9.0 

78.0 

20.0 

60.0 

26.2 

Nature of the produce 


i 

*3 


u 

c2 

X 

2 ^ 

1) u, 

8 

1 


> \ 

> 

> 



2 

1 

> 


Note . — All the other specimens, with the exception of the two marked with an 
asterisk, have already been noticed in the table at page 351, under the same numbers. 


It will be evident from the above, how perceptibly the magnesia, 
when present to the amount of 10 per cent., affects the heating of the 
lime, and diminishes its property of slaking and forming a soft impal- 
pable paste; in short, renders it poor. When the amount of magnesia 
exceeds J, the poorness of the lime is so great as to render it useless. 
The nature of the limestones is not solely dependent upon the foreign 
substances which they contain, but also upon the mode of regulating 
the furnace; while one portion of the shells exhibits the proper amount 
of heat when slaked, other pieces will slake very slowly, and the 
water will often hardly act at all upon them; they are then said to be 
dead-humt. There are several reasons which explain this: the stones 
have either not been sufficiently heated, and consequently still contain 
carbonic acid, or the heat has been of too short duration, and not 
intense enough in some parts, so that basic carbonate of lime 
(2Ca0,C02) has been formed. The compound possesses the property 
of not slaking in water, but hardens and forms with it a compound 
consisting of carbonate and hydrate of lime (CaOjCO^+CaOjHO). 
Fuchs has observed that the basic carbonate of lime, when fully burnt, 
the w’hole of the carbonic acid having been removed, sometimes, but 
not always, absorbs water very slowly and without any elevation of 
temperature; it acts, therefore, as if it were dead-burnt. The cause 
of this is unknown. A third cause of ordinary limestones being 
dead-burnt is, that the lime which enters into combination with the 
clay to form a compound silicate, cakes together on the outside of the 
large lumps, and forms an impervious, coating which prevents the 
evolution of carbonic acid from the interior, sothat an unburnt nucleus 
remains. This is what is generally understood by dead-burnt. 

It is somewhat probable, that the above explanation will also apply 
to what has been observed with the oyster and muscle shells. These 
shells, although containing pure carbonate of lime, require a higher 
tempertaure in the kiln than ordinary limestone, and have a great tend- 
ency to produce a badly slaking lime. The gelatin in the shells is 
converted into charcoal which burns wdth difficulty, and is long retained 
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in the interior of the stones while the lime is burnt. Now if burnt lime 
is heated for some time intimately mixed with charcoal, the basic 
carbonate, mentioned above, is produced — according to Fuchs. 

The phenomena in connection with this fact will be more closely 
investigated under hydraulic limestones. 

The Slaking , — Burnt lime is of a whitish-gray color, or often dirty 
white, seldom pure W’hite; it is much more friable than fresh limestone, 
but yet sufiiciently solid to bear carriage. The crystaline structure 
of many varieties of lime is often distinguishable after burning. It 
is light and excessively porous. In consequence of its porosity, burnt 
lime absorbs water (about 18 per cent.) with the greatest avidity, 
during "which operation the air contained in the pores is evolved with 
considerable noise. In a few minutes (but much later with poor 
lime) the saturated lime is observed to become hot, and from that 
moment the combination of lime and water proceeds. The lumps of 
lime fall to pieces with a crackling sound, and the smaller pieces are 
reduced to powder w ith the evolution of much steam, until at last the 
w’hole is converted, with a greatly increased volume, into a soft uni- 
form w’hite powder, i. e, into hydrate of lime. For building, it is 
customary to place the lime in slaking tubs^ or into flat boxes construct- 
ed of boards, with a spout, and to pour as much w ater into them as w’ill 
nearly cover the lime. During the slaking of the lime, the excess of 
w'ater is heated to lively ebullition, and the w^orkmen endeavor to mix 
the lime and w^ater in a uniform manner w ith a rake. If the propor- 
tion of water was correctly estimated, a uniformly thick semi-liquid 
mass results. In the formation of hydrate of lime (CaO,HO), 100 
parts of pure lime combine with 32 parts of water, or nearly 

The conversion of liquid into solid water may be viewed as the 
proximate cause of the great evolution of heat which accompanies the 
slaking of lime, in as much as the water must be contained in this 
state in the solid hydrate of lime. Suppose 3 lbs. of lime to be 
slaked, these will coinbine with 1 lb. of water (at 0° C. (32° F.) for 
instance) and convert it into the solid form. In this process, a quan- 
tity of heat is liberated sufficient to bring 0.79 or J lbs. of water 
to the boiling point. In practice the amount of heat is much greater, 
for a boiling temperature is attained wrhen the lime is covered with 
three times the quantity of water. The conversion of water from the 
liquid to the solid state is, consequently, not the only source of the 
heat, the remainder must be accounted for by the chemical action 
which ensues. As a proof of this, the fact may be adduced, that 
lime heats with snow or ice. When a large excess of water is used, 
the heat eiolved is more diffused and less intense; it increases with a 
lesser quantity, and attains a maximum when no more is added than 
enters into combination with the lime. The heat has then been ob- 
served to attain the temperature required to ignite sulphur and gun- 
^wder, or even wood. If the lime is moistened with water in the 
dark. It becomes r^ hot and emits a lively luminous appearance; in 
this case, the heat is concentrated by the surrounding lime which is 
not in the act of being slaked. The heat is in general so much the 
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more intense the more rapidly the lime is slaked ; or, is in proportion 
to its purity and the proper degree of causticity attained in the kiln. 
The temperature of slaking must always be attended to, as it influ- 
ences the quality of the lime, and must be regulated by a cautious 
addition of water; when no more water is added to the lime than it 
can absorb, it does not form a soft, but a sandy (coarsely crystaline) 
powder, and is said to have been rendered poor by slnldng. The 
builders have, therefore, a good reason for slaking the lime at once 
to the form of an impalpable, and not a coarse powder. Rather more 
than 3 parts of water are required for this purpose. In an experiment, 
83^ lbs. of burnt Riidersdorf lime, yielded, by slaking, 281 lbs. of a 
stiif paste, and had consequently taken up 197J lbs. or 2.4 times 
their weight of water. Its volume >vas increased 3J times, an amount 
which is sometimes diminished to 3^, and sometimes increased to 3|. 
This increase of volume, technically called the growth 
“ Wachsen^^), depends quite as much upon the mode of slaking as 
upon the purity of the lime. If the lime, for instance, is only speedily 
dipped in water in a basket, so that it falls to powder, and is after- 
wards mixed with more water, it does not increase more than to 2^ 
volumes ; if allowed to fall to powder, exposed to the air, and then 
made into a paste with water, it will only yield 1.7 volumes. 

Influence of the Air , — Exposed to the air, burnt lime is converted 
very slowly, and without any elevation of temperature, into a rough 
coarse powder, containing small angular pieces ; it then effervesces 
vigorously with acids. The lime under these circumstances is not 
completely converted into carbonate of lime, even after the lapse of 
three years, but, by the simultaneous absorption of carbonic acid and 
w'ater, is resolved into the double compound mentioned above, which 
has been shown by Fuchs to consist of equal equivalents of carbonate 
and hydrate of lime, or (Ca0,C02+Ca0,H0). The formation of this 
salt proceeds very slowly, and the lime only ceases to absorb water 
and carbonic acid after the lapse of 3 months. When moisture is 
totally excluded from the lime, and dry lime is exposed to dry car- 
bonic acid, none of the latter is absorbed after 8 days exposure. It 
appears, therefore, that the formation of carbonate of lime is a result 
of the decomposition of hydrate of lime, and that this continues until 
a certain point is attained, at which the attraction of lime for carbonic 
acid and for water is equal. 

As large quantities of lime must be kept ready slaked for the pur- 
poses of the builder, and it is necessary to protect it from the action 
of the atmosphere which w’ould render it useless as mortar, it is cus- 
tomary to preserve it in deep pits. The slaking tub is placed in 
front of a pit into which the slaked lime in the semi-liquid state is 
allowed to flow until the pit is filled. The lime becomes fatter and 
tougher in the pit, those pieces becoming gradually slaked which 
resisted the first action of the water. The excess of water collects 
on the surface and can be removed, the pit is then covered with a 
layer of sand 2 or 3 inches in thickness, and the lime is thus preserved 
totally unchanged. In removing the ruins of the castle of Landsberg 
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ia order to la^ the foundations for a new building, it is steted by Jafan, 
that a lime-pit of considerable dimensions was found in one of the 
vaults. The surface of this mass of lime was carbonated to the depth 
of a few inches, but all below that was in the state of freshly slaked 
lime, only somewhat more dry. This lime, which was certainly more 
than 300 years old, and valued at several hundred florins, was con- 
sequently used in constructing the new building. 

It is well known that slaked lime dissolves in water, and 1 part of 
lime requires 778 parts of water at 15.6° C. (60° F.) for solution. 
The solubility diminishes with the increasing temperature of the water, 
so that the same quantity of lime is not soluble in less than 1280 
parts of boiling water. Slaked lime in the state of paste is conse- 
quently a mixture of hydrate of lime with lime watery i, e. a solution 
of lime. Milk of lime contains so much of the latter that the whole 
is in the liquid state. Lime-water has a strong alkaline reaction ; it 
has been observed, that when several portions of water are saturated 
from one and the same quantity of lime, that the first portion of lime- 
water has a much more strongly alkaline reaction than those which 
succeed it. Most limestones contain chloride of sodium and the 
silicate of an alkali. These salts are decomposed by the action of 
caustic lime; caustic potash and soda are produced, which absorb, 
(when coal has been used in burning,) partly sulphurous acid, and 
are converted into sulphates by exposure to the air, partly carbonic 
acid, and become carbonates of the alkalies. In contact with water 
and lime these latter are again converted into caustic alkali. This is 
of importance in many of the applications of lime. 

Manufacture of pure Carbonate of Lime* — Quick-lime is heated 
with a solution of sal-ammoniac and the clear supernatant liquid de- 
canted off. A current of carbonic acid, produced by the action of 
sulphuric acid on magnesian limestone, is passed through the previous 
liquid, and precipitated carbonate of lime is formed, while the sal- 
ammoniac is reproduced. The sulphates of lime and magnesia are 
employed for preparing pure Epsom salt, and gypsum, for the Vene- 
tian red pigment. 


OF ORDINARY MORTAR. 

Mortar is a mixture of slaked lime in the state of paste with sand; 
it possesses the property, when spread in thin layers between bricks, 
of gradually hardening to the consistence of limestone, and thus 
cementing the bricks together. In order to understand the principles 
upon which mortar is mixed, it is necessary to become acquainted 
with certain facts which here exert the greatest influence. 

Conditions of hardening. — Simple lime, in the state of paste, like- 
wise hardens, but only to form a loose mass of loo slight consistency 
to bind the parts of a wall or building firmly together. It is only 
when the layer of lime forms a very thin stratum, as between two 
polished stones, that a firm and solid cement is produced. The lime 
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must be prevented from forming masses of any considerable thickness, 
as these always possess a very slight degree of cohesion. The lime 
attaches itself firmly only to the surface of the building stones, which 
differ from it in character, and this surface should be extended, as it 
were, by mixing a granular powder with the lime. This leads directly 
to the object and use of sand in the mortar, which is only intended 
to bring about more intimate contact between the surfaces of the 
stones and the lime. The shape of the bricks and hewn stones is so 
irregular, that crevices of a line at least, and in hewn stones often of 
an inch in width, are left between them w^hen laid one upon another. 
Lime alone placed between the stones, would consequently be in 
layers of a line to an inch in thickness, and in such masses, would 
never bind. If, how^ever, a sandy powder of any kind of stone is 
mixed with it, the mass of lime is thus divided into a great number 
of thin layers, or, as it were, fills up the interstices between the sand, 
and finding everywhere points of attachment, binds the grains of sand 
together, and extends this binding action to the stones themselves. 

It is further knowm, that even the best mortar, when quickly dried, 
as for instance on the stove, does not harden, but remains friable and 
porous. Although, therefore, mortar placed under water remains 
porous and wdll not bind, yet the action of moisture is essential to 
make it harden in the air. Lastly, the free access of air is also ab- 
solutely necessary to the setting of mortar. 

Proportions of Mixture . — When these facts are borne in mind, 
the rules to be observed in mixing mortar will be obvious. Although 
many kinds of stone in the form of coarse sand are applicable for 
making mortar, as limestone for instance, yet quartz-sand is always 
most easily obtained; the grain of the sand, however, is a matter of 
some importance. Ver^ fine sand renders the mortar too dense, and 
impedes the free access of air; sand in grains, the size of a lentile, 
(particularly if it is angular or sharp,) is very appropriate; the inter- 
stices become too large to be entirely filled with lime, if very coarse 
sand is employed. It is then advantageous, particularly when irre- 
gularly shaped building stones are used, to mix two kinds of sai^d 
together, coarse and fine. Fine sand can only be mixed with the 
lime when the mortar is intended for a thin coating upon the surface 
of w^alls, &c. The more irregular the sand is the better. The proper 
proportion of sand and lime is a most important point in preparing 
mortar; and the good quality and solidity of the mortar are more 
influenced by it than by anything else. Errors committed in the mix- 
ing can never be subsequently corrected. 

As a general rule, the lime should be sufficiently fine to cement all 
the grains of sand together, but should form at the same time the 
thinnest possible stratum between them. The surfaces of the grains 
of sand, or the interstices between them, should, therefore, be only 
just covered with the lime in a half liquid state, and no more. The 
rule might be laid down in the following terms: let as much lime be 
mixed with the sand as it will take up without having its volume in- 
YOL. II. 2g 



374 


MORTAR— CAUSES OF SETTING— ABSORPTION 


creased. Practically, about 3 to 4 cubic feet of sand (or 6 times the 
weight) are added to 1 cubic foot of half liquid limB, provided the 
lime be fat or very fat; poor lime, which may be viewed as already 
containing a certain portion of sand, will not bear the addition of 
more than cubic feet of sand to 1 cubic foot of lime. The sand 
should be pure, i, e., it should not contain too much iron or clay and 
least of all, bog-earth, or particles of humus. 

Hardening or Setting; time required, — Although mortar sets suffi- 
ciently in a few days, or weeks, to enable a wall to withstand pres- 
sure'and the like, yet the hardening proceeds so slowly and gradually, 
that it only attains its maximum (in which case a wall appears as if 
constructed of one piece of stone), after years, or even centuries. The 
apparent superiority of mortar in olden times over that in the present, 
is solely attributable to the longer time which has been allowed it to 
harden and set, as no essential difference can be traced in the mix- 
ture of the ingredients. Although we see, on the one hand, that old 
buildings can only be destroyed with the aid of powder, and, as is 
the case at the Castle of Heidelberg, whole towers may be overthrown 
in a single piece ; yet, it must not be forgotten on the other, that in 
some buildings the direct converse is observed, and that the durable 
portions only have been enabled to withstand the ravages of time, 
w^hile the weaker and less durable parts have long since disappeared. 
In the same manner, it is probable that the buildings erected in our 
own age will stand forward to posterity as patterns of solid architec- 
ture, just as those of the middle ages and of the ages of Greece and 
Rome appear to us at present. 

Cause of Setting, — The hardening of mortar upon exposure to the 
air is not so easily explained as would at first appear. It has even 
been disputed w^hether it is the result of mere physical (mechanical) 
or only of chemical agencies. There is no doubt, however, that both 
causes are concerned in producing the effect. 

Jibsorption of Carbonic Add, — The simple conversion of lime (CaO, 
HO) into carbonate of lime (CaOjCOg) cannot be the chief reason of 
the setting of mortar; for, Istly, the lime (as has been stated above) 
only absorbs the half of its equivalent of carbonic acid, becoming 
Ca 0 ,C 02 +Ca 0 ,H 0 ; and, 2dly, it is well known that even in the 
most solid walls, the lime in the interior is still in the caustic state, 
i. c., it contains no carbonic acid. On the occasion of building a 
new theatre in Dresden, a portion of the old fortified wall, which was 
upwards of 300 years old, was blasted, and Petzholdt took advantage 
of the opportunity for examining the mortar. A portion roughly 
pounded and digested in water yielded a liquid with a powerfully 
alkaline reaction (lime water). Caustic lime must, consequently, 
have been present. Cold muriatic acid decomj)Osed the mortar with 
effervescence; after ten minutes the solution became converted into a 
stiff jelly, showing that a portion of the lime had been in combination 
with silica. Mortar taken from a house 100 years old, was acted on 
precisely in the same manner. The following are the results of the 
analyses of the mortars examined : 
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300 years old, 100 years old. 


Sand (insoluble in muriatic acid) 

- 69.1 

79.8 

Silica (forming the jelly) - 

- 6.2 

2.1 

Alumina .... 

- 0.4 

0.016 

Oxide of iron - - - - 

- 1.4 

0.16 

Lime (CaO) - - - - 

- 4.2 

4.3 

Water and carbonic acid - 

- 18.7 

13.6 


100.0 

99.976 


In the first place, it will be seen from these specimens that the 
proportions of lime and sand are the same as those used at present, 
4.2 of lime corresponding to 14 parts by weight of half-liquid lime; 
to which, in the older mortar, 69 of sand had been added, i. e., five 
times its weight ; and in the younger, 79.8 of sand, or 5^ times the 
weight of the lime. It is to be regretted that the amount of carbonic 
acid, in combination with the lime, wras not ascertained, as we then 
should have been enabled to decide in what manner the hardening 
w^as influenced by the union of the lime with carbonic acid. But the 
analyses indicate clearly that another chemical force was engaged in 
aiding the hardening of the mortar. This is shown by the amount 
of gelatinous silica, or the presence of a silicate of lime in the mortar. 
Although a portion of this silica may have originally been in combi- 
nation with alumina, as clay, and have been rendered soluble by 
being combined wdth lime in the process of burning, yet there is ob- 
viously a much larger portion present than would correspond wdth 
the alumina. Thus, the burnt lime of Maxen (whence the lime used 
in Dresden has alw^ays been obtained) contains only: 


Sand . - - - 1.3 

Silica (forming a jelly - 2.6 

Oxide of iron - - 2.1 

Alumina ... 0.15 

Lime ... 93.85 


100.00 

so that there could be only 0.12 parts of soluble silica contained in 
the 4.2 parts 0 ^ lime. We are, therefore, naturally led to the con- 
clusion, that the extra quantity of soluble silica must have resulted 
from an action of the lime upon the sand, i, e., from the formation of 
a silicate of lime^in the humid w’ay from these two sources, a process 
which would necessarily tend to aid the hardening of the mortar. 
The fact of 3 times as much soluble silica being found in the 300 
years older mortar as in that which was only 100 years old, .is also 
a corroboration of this opinion. 

In order to arrive at a definite conclusion upon this point, Petz- 
holdt instituted some direct experiments. 10 grammes of caustic 
lime, from Carrara marble, were mixed wdth 30 grammes of different 
sandy additions, and the mixtures were left to themselves, as if pre- 
pared for mortar. The mixture No. 1 contained, chemically, pure 
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silica that had been heated to redness ; No. 2, quartz powder prepared 
from a piece of pure white rock crystal, which was quenched in 
water when red hot, and subsequently reduced to powder, and ctecant- 
ed from water ; No. 3 contained w^hite sand, as it is used in the 
kitchens for cleansing purposes; the coarser particles were first re- 
moved by a sieve, and the dust by suspension in water and decanta- 
tion; No. 4 contained a brown, ferruginous, decanted sand ; and No. 
5 the same brown sand which had been previously purified by wash- 
ing with muriatic acid. Of each number, 3 equal portions were sub- 
mitted simultaneously to experiment, and observed at different periods. 
The results were as follows : 





No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

S(Wnble silica 

C in an 8 days j) 


0.580 

0.039 

0.058 

0.020 

0.118 

coiitaTne^ por 
cent. ^ 

t in a 5 weeks ) 

trial 1 

1 

4.40 

0.60 

0.G6 

0.31 ; 

0.25 


whence it is obvious, that the soluble silica is doubled, and even in- 
creased fifteen fold in the course of 5 weeks, and no doubt can any 
longer be entertained respecting the formation of a silicate of lime in 
the humid way during the setting of mortar. That the setting of 
lime is partly due to the formation of this chemical compound, appears, 
therefore, unquestionable ; but that it is the chief cause, as Petzholdt 
supposes, is improbable, experience having shown, that any other 
kind of sand, not containing silica, can be employed with the same 
result as quartz sand. In the Pompejanischen Hause^^ in Aschaffen- 
burg, for instance, the stucco is a mortar composed of slaked lime and 
limestone sand. The mortar in the Roman baths at Gelnhausen con- 
tains Dolomitasche^^ (a kind of limestone sand), in place of quartz 
sand. 

There can be no doubt that the hardening of mortar must be attri- 
buted to other causes besides the chemical. Among these may be 
mentioned the crystalization of the hydrate of lime. It must be re- 
membered that the moisture in fresh mortar is not simply water, but 
a solution of lime. In drying, therefore, when the water evaporates, 
the soluble lime will be deposited on the neighboring parts in very 
small crystals. These crystals are brittle, and bref^ readily, when 
bent ; but they are capable of resisting an. action that tends to tear them 
asunder with very much greater force. If the surfaces, therefore, 
upon w^hich these crystals have been deposited are closely approxi- 
mated, a power tending to separate them will act upon the end of a 
very short lever, and endeavor to break the crystals in that direction 
in which they are able to offer the greatest resistance. Wherever the 
moisture in the mortar comes into contact with the air, on the out- 
side, therefore, the carbonic acid in the atmosphere will precipitate 
the lime in small crystals which wdll resist separation upon the same 
principles as those stated above. The w^ater will again dissolve lime, 
and this in its turn will become carbonated, which action will con- 
tinue as long as moisture is present. 
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It appears probable, when everything is taken into consideration, 
that the hardening cannot be attributed to anyone cause in particular, 
but to all collectively, and in such a manner that the formation of a 
silicate of lime, and crystalization, are the causes of the durable 
solidity and conversion into stone, while the absorption of carbonic 
acid induces the rapid setting of the mortar. 

The Causes of Moisture and Florescence in hardened Mortar . — On 
the absorption of carbonic acid, an equivalent proportion of water 
separates from the hydrate of lime, which giv'es rise to the moisture 
on the walls of newly-built houses and rooms. The square fathom 
of inch thick mortar coating weighs above 3 cwt., and contains 13 lbs. 
of lime (CaO), with which from 4 to 5 lbs. of water are combined. 
In a room with a plastered surface of 10 fathoms, this will amount to 
40 and some oddj30unds. Some years ago, a plan for obtaining soda 
from lime and common salt was adopted by Guyton and Carny, in 
which the two substances w’ere mixed and allowed to lie together for 
a time, until an efflorescence of carbonate of soda was visible. This 
process, although tedious and not calculated for the economic pro- 
duction of soda, shows clearly that the mortar must not be made wdth 
water containing common salt, and, least of all, w’ith sea-water, as 
not only carbonate of soda, but chloride of calcium w^ould then be 
formed, and this deliquescent salt would render the walls damp and 
porous. On a former occasion, (vol. i. p. 325,) it has been mentioned 
that, when nitrogenous matters (urine, &c.) are allowed to decompose 
in contact with walls, the presence of lime in the mortar gives rise to 
the formation of a species of saltpetre. The nitrate of lime is seen, 
under these circumstances, as a crystaline efflorescence on the walls. 
It would, however, be a great error to suppose that every efflorescence 
on walls was due to the same cause. In walls still in the act of 
building, where nothing of this kind could possibly occur, a white, 
mealy, often crystaline efflorescence is sometimes observed in spring- 
time along the layers of mortar; Vogel has examined some of these 
>vhieh were collected by Klenze, on the Glyptothek, and other new 
buildings in Munich. Kuhlmann has also paid more minute attention 
to this subject in Flanders, and elicited a series of interesting facts, 
which tend to confirm the results of Vogel’s experiments. The 
efflorescences consist, according to the observations of both, of sulphate 
of soda, carbonate of soda, chloride of sodium, carbonate of potash, 
and chloride of potassium. They occur in walls constructed of sand- 
stone as well as in brick-walls, and are consequently not derived 
from the stones, nor from the sand, (as has been proved by Kuhlmann,) 
nor from the fuel employed for burning the bricks, or the lime. The 
only source of these alkalies is rather the limestones themselves. 
It might be considered probable, that the alkali, from the ash of the 
fuel, was taken up by the limestones, but when burnt in close vessels, 
the latter exhibit, in the same manner, a certain amount of alkali, 
(page 372). 

2g^ 
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OF HYDRAULIC LIME. 

Composition , — On quoting the analyses of ordinary lime, attention 
was directed to the fact, that those varieties which contain about 10 
per cent, of silica or silicates, assume different properties, and although 
they are only slowly slaked after burning and poor, yet when made 
into a dough with water, they soon become solid, and exposed in this 
state to the constant action of water, acquire a high degree of con- 
sistence, and are rendered hard, like stone, without being subsequently 
loosened or eaten away by the water. These varieties are, conse- 
quently, an invaluable material for building underwater, and are very 
appropriately called hydraulic (from water). As the hydraulic 
property is solely due to a chemical process, it can4)nly be explained 
and understood by reference to the chemical nature of the stones. 
The following are the results of Berthier’s analyses, with the exception 
of the last number, which was analyzed by Kersten: 

The fresh limestones contain in 100 parts ; 



1 

o 

3 

4 

5 

6 

7 j 8 ■ 9 

10 

1 

Carb. of iirne - 

00.0 

80.9 

89.0 

89.0 

85 8 

82.5 

SO.O 79.2 76.5 



“ magnesia 

5,0 

3.9 

2.0 

2.0 . 

0.4 

4.1 

1.5 2.5; 3.0 

> 83.4 

79.10 

“ protox. iron - j 

— 

— 

— 

— . 

6.2 1 


— ' G.O 1 3.0 



“ protox. mang. 

— 

— 





-- 1 1 

0.9 


Silica 

— 





; 




17.0 1 6.5 ill.O 

> 


Alumina 




i 



1.0 1 3 8 3.0 

> 13.97 

19.14 

Oxide of iron - 

^ , 

. 5,0, 

00 

9.0 

9.0 

5.4 

13.4 

I 1 

1.72 

i 1 70 

Carbon • 

j 

i 



1 


— ! 2,0 • — 


i iL 

Water - - - | 

— 

1 

— 

i 

1 

— 

1 1.0; ~ 1 - 

— 

1 — 

The lime 

obtained by burni 

ig the above contained in 100 parts: 


Lime 

87.0 

84.0 

82,0 

82.0 

83.0 

79.3 

70.0 74.0 68.3 



Magnesia 

4.0 

2.5 

1.5 

1.5 



3.5 

1.0 2.0 2.0 



Clay - - . 

9.0 

13.5 

16.5 

16.5 

7.0 

10.7 

29.0 17.0 24.0 



Oxide of iron - 

— 

— 

— 

— 

10.0 

— 

— 7.0 5.7 




No. 1. Is a limestone from Vougy, in the Depart, de Loire; it is 
lamellar in structure, of a yellowish color, and is filled with ammo- 
nites and shells. 

No. 2. Limestone from Chaunay, near Macon; it is of a yellowish- 
white color, dense and finely granular. 

No. 3. Limestone from Dipe (Jura); is solid, with knots of calca- 
reous spar, containing graphite, and is of a dark gray color. 

No. 4 Is a limestone occurring with the preceding variety ; it is of 
a light gray color, but varies in appearance. ’ 

No. 5. Limestone from St. Germain ; it is dense, of a dark gray, 
with white veins, or lamellar, with occasional masses of graphite. 
It is used universally at Lyons for building under water. 

No. 6. Limestone from Nismes ; it is of a yellowish-gray color, and 
very highly prized as hydraulic lime. 

No. 7. Is a marly substance from Senonches (Depart. Eure et Loire) ; 



COMPOfiltlON OP HYDRAULIC LIMESTONES. 379 

it is disintegrated by water (not after burning). Silica remains un- 
dissolved when the stone is digested in muriatic acid ; but this is com- 
pletely soluble in caustic potash. 

No. 8. Is a dense limestone, of unknown origin. 

No. 9. Limestone from Metz; it is dense, exhibits an earthy frac- 
ture, and is of a bluish-gray color. 

No. 10. Limestone-marl, from Blankenstein, and No. 11 is from 
Helbigsdprf, near Freiberg. 

The first five numbers yield lime of very moderate, the last four, 
of a very marked hydraulic character. It will be seen by the table 
below, that this property increases with the quantity of matter insolu- 
ble in muriatic acid. This substance consists chiefly of a combina- 
tion of silica and alumina, but is often composed nearly entirely of 
silica in the soluble modification. It becomes of great importance to 
obtain a knowledge of this insoluble portion, as upon it the hydraulic 
properties depend. This has consequently received more attention in 
recent analyses,, as will be seen by the following examples: 


Observer. 


Hermann Meyer. 


Number. 




1 

2 1 

3 

4 

5 

6 

Carbonate of lime 

. 

. 

- 

G7.8d 

66.99 

49.06 

76.82 

62.47 

39.72 

“ magnesia 

- 



5.5*2 

1 07 

29.32 

2.81 

1.35 

28*48 

“ protoxide of 

iron 



3.30 

6.95 

16.83 

3.21 

5.85 

7.50 

Alumina - 

■ 



— 

0.39 ; 

— 

0.89 

0.93 

— 

Total of the constituents soluble 

in 

by- 







drochloric acid - 

- 



7G.78 

7G.00 

95.21 

83.73 

70.60 

1 

75.70 

Silica 




15.57 

; 1G.S9 1 

3.35 

11.03 

20.93 


Alumina - - - 




i 4.18 

I 4.32 i 

0.86 

2.86 

t 7 70 


Oxide of iron 




! 1.13 

; 1.72 ' 

0.43 

1.86 

S 

5 i 

Lime - - - 




1 0.15 

! 0.005 

0.06 

0.12 

' 0.12 

1 i 

Magnesia - - - 



- 

1 0.57 

i 0 37 ; 

0.01 

0.05 

; 0.30 


Total constituents insoluble in 
cliloric acid 

hydro- 

: 21.G0 

23.30 ' 

4.71 i 25.92 

29.07 

22.98 


No. 1. Is the limestone from Krienberge, near Riidersdorf (Berlin); 
it occurs below the sand. This variety belongs to the upper division 
of the shell-limestone (muschel-kalk); is in a state of great disinte- 
gration, and cannot be employed as ordinary mortar. 

No. 2. Consists of limestone nodules, from the isle of Sheppy; it 
is yellowish-brown, massive and firm. These nodules are used in 
England for the manufacture of so-called Roman-cement^ and occur 
in the London clay, which is a member of the tertiary formation. 

No. 3. Limestone belonging to the shell-limestone formation, w'hich 
covers the layer of lead ore at Tarnowitz, It is bluish gray, massive, 
and nearly crystaline. 

No, 4. Cement-stone from the same locality, but fatter. In the 
manufacture of cement, these stones are mixed together in equal 



389 pEOPSEtise of htd&aulic limssfonss. 

proj^rtions; they belong to the same subdivision of the Jura forma- 
tion. 

No, 5. Cement-stone, from Hausbergen, not very distant from Porta 
Westphalia, of a poor character; disintegrated, dark-bluish gray, 
slaty. 

No. 6. The stone from which Koch’s cement is made in Cassel ; it 
is of a reddish-yellow, massive, dolomitic marl, from the lower shell- 
limestone. 

Action. of the Constituents upon each other , — In addition to the facts 
stated in the analyses above, it may be noticed, that the hydraulic lime- 
stones, as has been proved by Kuhlmann in the case of the Loudon 
and Boulogne cement, contain a larger mean quantity of alkali than 
ordinary limestones; a circumstance which has been overlooked by 
analysts, in the same manner as bromine, lithium and arsenic, were 
formerly overlooked in mineral waters. It will be further observed, 
that the hydraulic limestones may be separated, by the ordinary 
method of analysis, into two distinct constituents; the one consisting 
of carbonates of the earths, which, like the ordinary limestones, yield 
a fat lime ; and the other, a silicate, or a mixture of silicates of alumina, 
lime, magnesia, and frequently of potash, with a greater or lesser 
excess of silica, which is consequently a kind of clay. In fewer 
instances, this ingredient, which many writers call siliceous clay, is 
composed almost entirely of silica. Thus the limestones from Klin- 
genhof, near Strassbessenbach, in Spessart, (a variety of milk-white, 
very bard dolomite, from the mica slate, which is used in the potteries 
at Damm, near Aschaffenburgh,) consists of lime, wdth 19 per cent, 
magnesia, 40 per cent, silica, and mere traces of alumina. In burning 
hydraulic limestones, these tw^o constituents, when the lime has once 
parted with its carbonic acid, will react upon each other, as a powerful 
base acts upon a silicate. The lime enters partially into the consti- 
tution of the silicate, producing a less stable compound than the 
original, which is easily attacked by acids. The amount of base in 
the aluminous silicate is, therefore, increased by burning, and greater 
facility is afforded for the action of acids. Burnt hydraulic lime 
is, in fact, (with few exceptions,) soluble in acids; and, in proof of 
the presence of a silicate that can be decomposed by acids, a thick 
jelly of silica is produced. This property of yielding gelatinous silica 
stands, therefore, in intimate connection with the property of becoming 
hard under water. Unburnt, pulverized stones do not harden, as is 
well known, and hydraulic lime, mixed with water, acquires a certain 
consistence much before it becomes hard. Moistened hydraulic lime 
produces, in the first instance, a connected, very soft friable mass, 
which is easily scratched by the nail ; at a much later period, this 
mass, when covered with water, acquires a hardness which is quite 
equal to, and often exceeds that of, the limestone itself. As a general 
fact, the time in which different hydraulic limestones become hard is 
very variable, and the chemical action, which is the cause of the 
hardening, is consequently very unequal. The degree of hardness 
which they acquire is also not the same; those that harden slowly are 
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often more compact than those which harden in a shorter time. The 
time required for hardening varies from a few minutes to weeks and 
months, and bears some relation to the amount of the aluminous 
constituent in the lime. The more the limestones contain of this ingre- 
dient, the more quickly they harden. The hardening and solidification 
of the hydraulic stones being, therefore, dependent upon the chemical 
reaction of their two ingredients, the relative proportions of these 
cannot be a matter of indifference; and as there are varieties which, 
from the smaller quantity of the siliceous constituents contained in 
them, approach the ordinary limestones in properties, so there are 
others, in which this ingredient obtains so great a preponderance, and 
in which the amount of carbonate of lime is so small, that they no longer 
exhibit the hydraulic property. All mineral substances which possess 
the property of rendering ordinary limestone hydraulic, are very 
appropriately called cements During the period of hardening, a 
very considerable rise of temperature is often perceptible, arid the 
water employed is, in many cases, converted into a ley, which con- 
tains a quantity of alkali sufficient to produce the well-known slippery 
feeling between the fingers. This is the case with the hydraulic 
lime of Cassel. The alkali must necessarily be contained in the 
limestones, and must have been overlooked in the above analysis. 
The French engineer, Vicat,f who has made the study of hydraulic 
cements the object of his life, has divided them into classes, which 
are shown in the Ibllowing table by as many examples that will serve 
as types : 


Contains siliceous clay. 

Moderately good 
hydraulic lime. 

Ordinary hydrau- 
lic lime. 

Best hydraulic 
lime. 

Intermediate 

lime. 

Bad intermediate 
cement. 

Ordinary 

cement. 

Best intermediate 
cement. 

Transition to 
Puzzolana. 

Before burning (to 100 
carbonate of lime) 

12 

20 

25 1 30 

37 i 56 i 156 

1 ‘ 

510 

After burning (to 100 
caustic lime) 

22 

36 ! 

44 j 53 

i 1 

1 

05 1 100 273 

900 


• In technical language, hydraulic limestones, in M'hioh the properties are very strongly 
developed, are also called cements; thns we have Cassel and London cement. The great 
confusion of ideas connected with the term cement, has already been noticed in a former 
page, and care must Ije taken not to con/fumd hydraulic cement with, substances which 
are employed in the potteries, in the steel works, and in metallurgy in general, and to 
which the same name is applied. 

t Although M. Vicat has acquired great reputation in France, and can boast the first 
scientific names amongst the heralds of his fame, yet that which ho has accomplished 
does not come up to what we have been h‘d to expect. Practice has, no doubt, to tbftnk 
him for several valuable observations, yet his total ignorance of foreign literature has 
led him to publish much unnecessary matter, and his inability of [Penetrating Ipeyond the 
surface, to the real scientific causes of phonoiiienn, loaves liim always in the middle 
between theory and empiricism, so that his compendious treatises can only be under- 
stood by few besides himself. A few only of his labors will consequently be referred 
to in the sequel. 
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This division is of course quite arbitrary, no classes existing in na- 
ture, but only transitions ; it is, however, convenient when its true 
signification is borne in mind. There must necessarily be numerous 
exceptions, for this reason, that the property of hardening in one and 
the same specimen of lime varies with the temperature at which it 
has been burnt ; thus several varieties belonging to the third class, 
when imperfectly burnt (i. c., when the whole of their carbonic acid 
has not been expelled), yield a hydraulic lime of the second best quality. 
Vicat has determined in single cases the amount of imperfect calci- 
nation, by the amount of carbonic acid not expelled from the lime, 
and has tested the property of hardening in these different gradations. 
Thus one variety of limestone in which the carbonic acid remainingf 
in it ^ 


Amounted to 

3U per cent. 

27 per cent. 

26 per cent. 

23 per cent 

20 per cent. 

10 per cent. 

Yielded a 
mortar which 
hardened in 

15 minutes 

12 minutes 

7 minutes 

9 days 

30 days 

9 days 


whence it is obvious, that, in the course of calcination, and with the 
increase in the amount of caustic lime, a great diversity of relations 
between it and the aluminous constituent are created, upon one of 
w’hich, or upon several at once, the property of raj^dly hardening is 
chiefly dependent. Too much heat in the kiln, and incipient fusion, 
render the lime very much weaker than it should be when the pro- 
cess is properly conducted, and at last disqualify it completely. It 
must be noticed, lastly, that hydraulic lime never hardens, when it is 
immediately immersed in water, before having acquired a certain 
consistence. In this case, the particles never agglutinate properly 
together, but form a porous mass. 

Many limestones, particularly those which form the boundary be- 
tween the hydraulic limestones and the cements, possess the very 
objectionable property of containing portions which slake at a subse- 
quent period, when the greater bulk has already solidified, and become 
hard. The mortar then falls to pieces, and is rendered perfectly use- 
less. It would appear as if particles of lime were in this case so en- 
veloped, as only to become penetrated by the water in the course of 
the process of hardening. 

Ca/cina^ion.— Hydraulic lime is burnt in a similar manner to ordi- 
narjf limestone ; a much less degree of heat, however, is required. 
In Cassel, perpetual kilns, similar to that shown in Fig. 234, are 
used ; they are of smaller dimensions, the fire being situated on a 
grate at the side. The burnt stones are reduced - to powder under 
stampers ; the powder is passed through a sieve, and is then in a fit 
state for use. 

Those varieties of hydraulic lime which slake easily, need not even 
be reduced to powder. A great error is, however, committed in ex- 
posing the hydraulic lime (particularly in the state of powder) for any 
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length of time, during carriage, or in warehouses, to the moisture in 
the atmosphere ; the greater part of its good properties are thus gradu- 
ally destroyed, and it afterwards hardens very slowly, or not at all. 
It need hardly be mentioned, that a larger stock of hydraulic lime 
should never be made than is intended for immediate consumption. 
With reference to this point, Vicat has shown, that hydraulic lime 
which has once attracted moisture, may be made to set, by renew’ed 
pulverization and mixture with water; but the action is much slower, 
and it is converted into an article of the worst quality. 

Theory of Hardenings or Solidification. — In the preceding paragraph, 
we have described the properties of hydraulic lime as they present 
themselves to direct observation, and we have still to investigate the 
theoretical causes of the hardening of these substances, and inasmuch 
as the process is of a purely chemical nature, to establish its connec- 
tion with known chemical laws. In addition to the facts furnished 
by Berthier, Kuhlmann, and Vicat, the admirable researches of Fuchs, 
in Munich, have rendered the most essential service in explaining 
this curious phenomenon. The observations and conclusions of the 
latter philosopher tend to prove that the chemical process concerned in 
the solidification of hydraulic lime is due to the presence and mutual 
action of the silica and caustic lime contained in it. The final result 
is derived from tw^o operations. During calcinations the lime is ren- 
dered caustic by the evolution of carbonic acid, and this caustic lime 
then reacts upon the siliceous clay, converting it into a compound 
that is easily decomposed by acids. The excess of caustic lime, as 
well as the compound into which the siliceous clay has been convert- 
ed, then react upon each other, when mortar is prepared from the 
ground burnt lime, in such a manner, that a solid stone-like silicate is 
produced in the humid way. The water here obviously has a double 
action. Dry substances, like lime and the silicate of alumina, act 
very little, or, under certain circumstances, not at all, upon each 
other, unless the solvent power of water is employed to bring them 
into intimate contact. During solidification, the water will constantly 
transfer the lime which it has dissolved, to the siliceous particles; it 
will then dissolve fresh lime, which is again employed in the produc- 
tion of the silicate, and so on. The imperative necessity of keeping 
the hydraulic mortar in the moist state, after it has been employed in 
building, is thus explained. The other action of the water is the part 
which it plays in entering as water of hydration into the silicate which 
is formed. It must not, however, be supposed, that the hardening 
(as is the case with gypsum) is the simple result of the combination 
of water of hydration with a compound silicate produced during burn- 
ing. If that were the case, many silicates, which are chemically 
similarly constituted — for instance, many of the zeolites — would like- 
wise harden under water, after having been deprived of their water 
of hydration by burning, which is quite contrary to all experience. 
The process of solidification is, on the contrary, not so much the con- 
version of a ready formed silicate into a hydrate, as the formation of 
a hydrated silicate in one and the same operation. 
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Action of the Silica , — The molecular constitution of the silica is a 
point of the highest importance in this process. It is well known 
that silica exists in two modifications which exhibit very different pro- 
perties. In the dense crystaline state, as contained in quartz, rock 
crystal, &c., silica is very little prone to exert a chemical influence 
in the humid way, but it acquires this property by the action of agents 
like lime, which render it amorphous and capable of entering into 
other combinations; it is contained in this state in some minerals, as, 
for instance, in the opal. The natural opal yields by itself a very 
tolerable cement with lime, as is also the case with precipitated silica. 
The action of quartz sand upon lime, on the contrary, as w as stated 
under ordinary lime, is very insignificant, but is rendered much more 
energetic, when the quartz has been previously heated to redness with 
about J of lime. Silica precipitated by chemical means, or gelatin- 
ous silica, removes the lime from lime-w'ater with ease, although this 
is by no means effected by ground quartz. 

The action of the Clay , — The silica may be replaced, as is indeed 
the case in the greater number of hydraulic limestones, by different 
silicates. Amongst these, the clays are the most important. 

The great diversity in the nature of the clays does not admit of the 
supposition that their action is always the same, but nevertheless 
they all yield a substance with lime which hardens well, and in some 
cases affords excellent mortar. All must be previously burnt, par- 
ticularly potter’s-clay. It has already been stated in the chapter on 
pottery, that simple burning renders clay much more soluble in acids, 
in some cases, it is necessary to calcine the clay with lime. The 
common ferruginous brick-earth hardly binds at all with lime when 
only slightly burnt, but when strongly heated to the point of incipient 
fusion, the oxide of iron enters into combination with the clay, and 
a very powerful solidification then ensues with lime. 

Amongst the silicates w'hich contain constituents, or possess pro- 
perties, in common with those which occur in lime, the following are 
worthy of notice. 

Action of Iron, — Lkvrite {a mineral composed of silicate of lime 
and iron) is almost without effect, although it contains 52 per cent, of 
protoxide of iron ; the iron consequently only exerts an indirect action, 
as in brick-earth. This is also shown in the case of iron slags; those 
slags w^hich contain a large quantity of iron, but little silica (slags 
from the puddling furnaces), are not available, while those which 
contain a large amount of silica, and little iron (blast-furnace slag), 
form a very good material for hardening with lime. (Compare arti- 
ficial cements.) 

Prehnite (a combination of silicate of alumina with silicate of lime 
and water of hydration) exerts no action in its natural state ; but is 
very energetic after having been burnt. Calcination renders it solu- 
ble in water, with the formation of gelatinous silica. 

In the crude state, felspar almost completely resists the action of 
lime; in the melted state, less; and least of all after having been 
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burnt with lime, when it forms a solid mass with an additional quan- 
tity. Glass reacts in a precisely similar manner. 

The zeolites which contain, besides silicate of alumina, a silicate 
of an alkali, or silicate of lime, or both, such as Jinaldme (2Na,03Si03 
+ 3Al203,Si03+6aq.), Jfatrolite (Na0,Si03+ Al203Si03+2aq), Stil- 
bite (Ca0,Si03 4"Al203,3Si034-6aq.), are all soluble in the natural state 
in acids, with the separation of gelatinous silica, and yield even when 
unburnt, very good hydraulic mortar with lime ; they, however, always 
act more powerfully after calcination. 

Action of Alumina, — That the alumina in these minerals and in 
the clays is not the active agent, is proved by the case of cyanite, 
which has no effect upon lime, and which contains 54 per cent, of 
alumina in combination with silica, and is not decomposed by acids 
in the crude or calcined state. On the other hand, although the 
silica in the silicates is the essentially active principle, yet it is not 
so applicable in every proportion. Pitch-stone^ which contains fths 
of its weight of silica, Pumice-stone^ W’hich contains an equal amount, 
and Obsidian^ which contains fths, are not so energetic as opal. 

Action of Magnesia, — Again, the silicates which contain a large 
proportion of magnesia^ as Steatite (6Mg0,5Si03+4aq.), Tremolite 
(SMgOjCaOjSSiOg) and Diopsite ( 3 MgO, 2 Si 03 ), do not exhibit the 
least tendency to combine with lime under water; partly because 
they already contain an excess of base, and partly because the affinity 
of silicic acid for magnesia is greater than for lime. For the same 
reason, the tendency to solidify under water is wery much augmented 
w^hen magnesian lime is brought into contact with a siliceous mineral. 
The dolomitic limestones and dolomites afford, with proper additions, 
a much better hydraulic mortar than pure limestones; and their action 
is further increased, by the tendency which silicic acid manifests of 
combining in preference with two bases rather than with one. A 
very striking proof of the influence of the magnesia in the dolomitic 
limestones is afforded by the limestone from Tarnowitz, (No. 3 of the 
table at page 379), which hardens extremely well, although it only 
contains 3.3 per cent, of silica. This limestone contains 29 per cent, 
of magnesia. The two bases, lime and magnesia, according to F uchs, 
are capable of combining and hardening under water without the 
addition or presence of any silica whatever. Dumas also states, that 
an artificial mixture of 36.8 parts of magnesia, with 44 parts of burnt 
lime (nearly equal equivalents, therefore, which would require 60 
lime), when slaked and made into a paste with water, became tolerably 
hard after being left under w'ater for 9 days. All the facts which 
have been adduced above tend to prove, that the reaction betw'een 
the silica on the one hand, and the lime and magnesia on the other, 
is the chief cause of the solidification of hydraulic lime; but, as has 
also been stated, the degree of solidity is very much influenced by 
the molecular state of the silica and (when a silicate is employed) 
by the amount of base already in combination wuth it. The limit of 
saturation is indicated by Wollastonite (3CaO, 2Si03), which contains 
VOL. 11. 2h 
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48 per cent, of lime to 52 per cent, of silica, and which is without the 
slightest action, both in the unburnt and burnt state. 

With reference to the part which is played by the alumina in the 
hardening, this is only a mediating and promoting action, for solidi* 
fication occurs in cases where no alumina is present. On the other 
hand, Berthier found that mixtures of chalk with Jth of alumina (cal- 
culated as anhydrous) are capable of being slaked, but do not become 
hard after the lapse of months. The frequent occurrence of alumina 
in hydraulic lime affords opportunities for the formation of double 
silicates with lime (together with magnesia, iron and alkali), into which 
the alkali exhibits a very marked tendency to enter, as is proved by 
the frequency of the natural silicates of this class. 

Action of the Alkalies . — The alkalies also promote the formation of 
silicates in the humid way, although in a very different manner. 
When hydraulic lime, or a similar mixture, contains alkali, this wilt 
be entirely, or in great part, separated during the process of hardening, 
and dissolving in the water, will render it alkaline. Fuchs found 
that decomposed felspar, when treated in the humid way with caustic 
lime, parted with 10 per cent., that is, with the whole of its potash; 
he found, further, that a portion was liberated from pumice and pitch- 
stone, both of which contain but very little alkali, and that both lithia 
and potash could be obtained in the same manner from lepidolite. 
By a similar process, the alkali is separated from most varieties of 
clay. The solubility of alumina and gelatinous silica in potash ren- 
ders it more than pif)bable that the alkalies accelerate the hydraulic 
action of lime by promoting and facilitating the gradual transference 
of the silica to the lime. An extensive series of experiments, under- 
taken by Kuhlmann, have at least proved that solutions of an alkaline 
silicate (soluble glass) part with their silica to lime without even the 
aid of heat. The same reaction occurs with carbonate and sulphate 
of lime as with caustic lime; the alkali combining with the carbonic 
and sulphuric acids, resigns its silica to the lime. Chalk powder, 
exposed for some time to a solution of silicate of potash, forms a mass 
which becomes, after some time, as hard as stone. Whole pieces of 
chalk, immersed in the liquid, become covered on the surface with a 
silicate of lime, which combination extends more deeply into the in- 
terior as the action is continued for a longer time. The surfaces thus 
prepared, harden when exposed to the air; and, without undergoing 
any other alteration, become so hard, that they are capable of taking 
a polish. Based upon these observations, Kuhlmann recommends 
the soluble alkaline silicates as a general silicifying medium for su- 
perficially hardening decorated walls by the production of this silicate 
of lime. Another observation of Kuhlmann’s, that weak hydraulic 
lime (like that of Tournai) is rendered very much stronger by calci- 
nation with from 8 to 10 per cent, of potashes, is of more interest to 
the theory of the process than of practical importance, considering the 
high price of the potashes. In conclusion, it must not be overlooked, 
that the solidification of hydraulic lime is considerably accelerated by 
a high temperature and by increased pressure. 
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Action of Oxide of Manganese . — The views which were formerly 
promulgated respecting the cause of solidification of hydraulic lime, 
as, for instance, that of Guyton Morveau, w'ho attributed the whole 
phenomenon to the presence of oxide of manganese, are totally un- 
tenable. 

Artificial Hydraulic Lime . — A glance at the above theory, which is 
deduced from observation, is suflScient to lead to the conclusion, that 
artificial mixtures of appropriate silicates with lime, under proper 
treatment, must possess the hydraulic property in quite as eminent a 
degree as the natural productions. Experience has indeed anticipated 
theory in this fact, by several centuries. In very ancient monuments 
the solidity of the building is sometimes entirely dependent upon the 
weight and form of the stones employed. This is the case with the 
monuments of nations who existed prior to all historical record, and 
which, from their enormous size, are called Cyclopian: the Druidical 
remains, the Egyptian temples and the celebrated Cloaca maxima^ 
built by Tarquinius Superbus as the common sewer of Rome, are all 
instances in question. The only mortar found in the ruins of Baby- 
lon, is bitumen or asphaltum. The Romans, however, were well ac- 
quainted with the use of lime mortar, and applied it both in the con- 
struction of buildings and roads; they also soon made the important 
discovery, that a certain soft, porous, almost earthy rock, containing 
pumice-stone, and resembling this in composition, and which was 
found on the coasts of the bay of Baya3 and Naples, particularly in 
the neighborhood of Puteoli, possessed the valuable property of form- 
ing an hydraulic mortar with burnt lime. They called the rockpulvis 
Puteolanus; it is described by Vitruvius and by Pliny, and was em- 
ployed, mixed with an equal quantity of lime, for building under 
water. The pulvis Puteolanus was precisely the same substance as 
is known in the present day under the name of Puzzolana. The 
modern name of the town Puteoli is Puzzuoli. 

Trass or Tarras , — After entering Germany, and having taken pos- 
session of the Rhine, the Romans soon recognized, in the layers of 
trass near Bonn, the well-known pulvis Puteolanus^ and opened the 
quarries, whence this important material is distributed, far and wide, 
even to the present day. Both Puzzolana and trass are conglomerates 
of fragments of volcanic rocks, transposed by the agency of water 
from their original sites; they often contain fragments of basalt, 
pumice-stone, trachyte, clay-slate, &c., indicating at once the con- 
nection of the one with Vesuvius, and of the other with the volcanoes 
of the Eifel. The trass in Brohlthal is derived from the constituents of 
the trachyte rocks in the neighborhood ; it forms very thick beds, often 
filling entire valleys, and is in the form of a friable, easily pulverized 
stone, the color of which is generally light, passing from a yellowish 
to a greenish hue. It is ground in a number of stamping-mills in the 
neighborhood, and exported in the form of a fine powder. Like most 
other volcanic productions, as basalt, klingstein, &c., trass is resolved 
into tw^o distinct silicates by chemical agency. The one is readily 
soluble in muriatic acid, the other resists solution. Eisner obtained 
the following results from the analysis of these two substances: 
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49.01 


42.98 
7.65 

99.64 

While the former constituent of the trass is essentially a silicate of 
alumina and iron, the latter is nearly pure silica, so that both contain 
the necessary conditions for a hydraulic material: silica (49 per cent, 
in all), to combine with the caustic lime which is added, 21 per cent, 
of alumina and oxide of iron, and, lastly, nearly 4 per cent, of alkali 
to assist in the manner indicated above, in retaining the silicates of 
all these bases in a disintegrated state: a condition which other sub- 
stances, like clay, &c., only acquire by calcination with lime. As 
was to be anticipated from the analysis of a mass of fragments like 
those composing the trass, the results of different experimenters do 
not agree. As much as 57 per cent, of siHca has been found, 28 
per cent, of alumina, and 8 per cent, of alkali. 

Puzzolana , — Berthier found the Italian Puzzolana composed of 
44.5 per cent, silica, 15.0 alumina, 8.8 lime, 4.7 magnesia, 12.0 oxide 
of iron and titanium, 1.4 potash, 4.1 soda, and 9.2 water. It is con- 
sequently quite analogous to the Rhenish trass. 

Another variety of Puzzolana, not of volcanic origin, has very re- 
cently been discovered by Sauvage in the Dep. des Ardennes. It 
there covers the clays of the gault, a fossiliferous formation below the 
chalk. It is of a pale gray or greenish color, very soft, and, accord- 
ing to Sauvage, is constituted in the following manner: 


Soluble silica (gelatinous) - 

56 

Clay 

7 

Fine quartz-sand - - - 

17 

Fine gray limestone (chlorite) - 

12 

Water . - - . 

8 


TOO 


Portion soluble in muriatic acid : 

Silica - ... - 11.50 

Oxide of iron, with traces of manganese - 11.77 

Alumina ----- 17.70 

Lime - ... - 3.16 

Magnesia ----- 2.15 

Potash - - - - - 0.29 

Soda 2.44 


Portion insoluble in muriatic acid : 

Silica ----- 37.44 

Oxide of iron - - . - 0.57 

Alumina - - ... . 1.25 

Lime ----- 2.25 

Magnesia ----- 0.27 

Potash - - - - - 0.08 

Soda 1.12 


Water, with traces of ammonia 
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The very considerable quantity of silica is remarkable, and would 
lead one to expect a powerful hydraulic action, which, indeed, has 
been corroborated by Vicat. 

Clay as Cement . — All those substances which render fat, slaked 
lime hydraulic, are called cements, Puzzolana, trass, and all similar 
cements have the advantage of requiring no preparation by burning, 
but are capable of acting in the natural state (of course in fine pow- 
der, that they may be properly mixed). A glance at the tables in 
pages 206, 207, and 210, shows at once that many clays approach 
the volcanic cements very closely in composition. But, in order to 
exhibit a like action, the constituents of the clays should also be in 
the same molecular state, which is, however, by no means the case. 
All varieties of clay, inasmuch as they are to be used for cements, 
must, therefore, be disintegrated by burning, with or without a certain 
proportion of lime according to their different characters. They then 
afford very powerful cements, which property, however, is very much 
influenced by the temperature to which they have been exposed, and 
the manner in which they have been burnt. Treussart made some 
bricks from a clay which is used in Strasburg for the manufacture of 
alum, and contains 50 silica, 32.7 alumina, 1.6 magnesia, with mere 
traces of oxide of iron; a part of these he burnt in the alum-furnace, 
and the others in a lime-kiln. When the burnt clays were made into 
mortar with half their weight of slaked lime, a great difference was 
observed in the two kinds ; that which had been burnt in the alum- 
furnace, hardened in two or three days, and would withstand a weight 
of 400 lbs. without being crushed, while that from the lime-kiln did 
not harden for 30 days, and, placed in the same circumstances, broke 
under a weight of 50 or 60 lbs. A similar comparison, instituted 
with two mortars, also composed of 1 part slaked lime and 2 parts 
cement, the one of which consisted of simple clay, the other of clay 
that had been calcined with 2 percent, of lime, led to the same result, 
in favor of the latter mortar, which hardened in 17 days, while the 
former required 30 days. 

Several public buildings in France, and amongst others the St. 
Martin canal, are constructed with an artificial hydraulic lime from 
the manufactory of St. Leger, which contains a clay cement. This 
hydraulic lime is prepared by mixing 4 parts (by volume) of chalk 
from Meudon, with 1 part of clay from Passy, in the same manner 
as the body for earthenware is made. The two substances are first 
brought under an edge-stone mill with water, where they are ground 
to a thin slip, which is conducted into walled tanks and allowed to 
subside. When the water has been drawn off the surface, and the 
mud has acquired a certain consistence, bricks are moulded from it, 
which after being dried, are gently burnt in a lime-kiln. Berthier 
found in the unburnt mixture : carbonate of lime 84 per cent., silica 
10, alumina 5, and oxide of iron 1 per cent. The whole quantity of 
lime is mixed in this case at once with the mass; one portion is em- 
ployed to decompose the clay, and the remainder forms the hardening 
materia], with the cement produced, which, when used, must be 

2h^ 
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slaked with water. It swells during this operation, when it has been 
properly burnt, the 0.65 of its volume. 

Other substances as Cement , — Another more recent patent has been 
granted to Briaut and St. Leger, in which the cement specified is a 
silicate of lime, instead of clay. According to the published account, 
4 parts of chalk (or any pure limestone) are mixed with 1 part of 
calcined silica, (quartz-flint, &c.,) ground to the finest possible pow- 
der, and the mixture is then burnt in the manner described above. 
As the presence of clay has in all cases been found advantageous, 
and clay is everywhere accessible and requires less labor in preparing 
than the siliceous minerals, the superiority of this latter process is 
not so obvious, and it cannot consequently be recommended. 

When, however, limestone, free from iron, (chalk, &c.,) has been 
employed, a white colorless mass is obtained after hardening, which 
in some cases may be an important recommendation. 

Instead of clay, other refuse of similar character and properties 
may be employed in the manufacture of cement, wherever it is to be 
obtained. Amongst these substances, the residue from the lixivia- 
tion of alum-shale and the ashes of coal, lignite and peat, deserve 
particular notice. It has already been staled above (page 154), that 
in the alum-shales, the argillaceous and carboniferous constituents 
are so intermingled, that when the shales have been roasted and 
lixiviated, in which latter operation alumina is removed, the argilla- 
ceous constituent has not only been rendered soluble in acids, but is 
also richer in silica than it was before, and is consequently left in a 
very favorable condition for yielding a good hydraulic mortar with lime. 
A glance at the observations and data given in vol. i. pages 28, 33, 39 
and 49, will also show that the ashes of fossil fuel abound in silica, alu- 
mina and oxide of iron, and sometimes contain lime, magnesia and the 
alkalies. The ash passes through the bars of the grate at a red heat, 
and must consequently be in a condition to be very readily decom- 
posed, and indeed it is capable of forming at once an excellent cement 
with lime. According to Anthon, the best proportions to be used 
are, 1 part of slaked lime to an equal, or up to a double quantity, of 
coal ashes.* The great differences in the ashes, from different varie- 
ties of coal, render it probable that these proportions wdll vary ac- 
cording to the source of the coal. The hardening of mortar, "com- 
posed of lime and ashes, is, however, to be attributed partly to 
gypsum, of w’hich some varieties of brown coal contain as much as 
fths of their weight. 

The excellent hydraulic mortar of Tournay, known under the 
name of “cenc^ree,” is prepared from the refuse which is left on 
burning the lias limestone. This waste, which remains after re- 
moving the lumps of lime, consists of small fragments of lime and of 
the ash, (the coal there used yielding a large amount of ash,) in 
about the proportions of 1 : 3. The mixture is slaked in a small 


• Pure ash is here irjieudfd, not cinders, which is a mixture of ash with a quantify 
of coke. 
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quantity of water, and before being used, is well beaten and worked 
about. 

Dr. Eisner has published the following analyses of certain iron 
slags which are found to afford excellent hydraulic mortar when 
mixed with burnt lime: 



I. 

II. 

Silica - - . 

- 40.12 

40.44 

Alumina - - - 

- 15.37 

15.38 

Lime - - - 

- 36.02 

33.10 

Protoxide of manganese 

- 5.80 

4,40 

Protoxide of iron 

- 1.25 

1.63 

Potash - - - 

- 2.25 

2.07 

Sulphur - - - 

- 0.70 

0.76 


These slags in the state of fine powder, when treated with a small 
quantity of muriatic acid, are rapidly converted into a uniform gela- 
tinous mass. The relation of the oxygen in the silica, alumina and 
lime is very nearly as 21.0 : 7.1 : 10.0=6 : 2 : 3= 18 : 6 : 9, whence 
may be deduced the formula : 3((CaO)3,Si03) + 2(Al203,Si03) + Si03or 
2({Ca0)3,Si03 + AI,03,Si03) + (CaOj, 28103). 

It is easy to ascertain whether a slag is suited for the production 
of hydraulic cement, by pouring over it, in the state of fine powder, 
a small quantity of hydrochloric acid; if it forms a gelatinous mass 
after a short time, it will then yield, with lime, a proper mixture for 
hydraulic mortar? 

Copper slag, yielding 48 per cent, of silica by treatment with hy- 
drochloric acid, was also found to possess the same properties. 

Roman Cement , — It is a remarkable fact, in the history of hydraulic 
mortars, which originates, as we have seen, with the Puzzolana and 
Trass employed by the Romans, that the more the knowledge of their 
uses has been spread, the more substances have been discovered, 
which either act as hydraulic mortars themselves, or can be mixed as 
cements in the preparation of artificial mortar ; so that what appeared 
originally a privilege accorded to a few favored spots only, can now 
be obtained almost everywhere. A vStrong inducement to study the 
nature and modes of occurrence of hydraulic lime, was created by the 
patent granted to Parker and Wyatt, in London, in the year 1796, for 
what they termed Roman cements The material employed in the 
manufacture of this cement, are the nodules, of an ovoidal or globular 
form, which are found in the London clay, and known by the name 
of Septaria. They are not confined to the banks of the Thames, but 
are also found on the isles of Sheppey and Wight, as well as on the 
coasts of Kent, Yorkshire, and Somersetshire. The composition of 
these nodules has already been given under No. 2, of the table at 
page 378. They are calcined in perpetual lime-kilns with coal, in 
which a very moderate and well-regulated heat is carefully preserved. 
After calcination, the stones are ground under heavy edge-stones to a 
very fine powder, which is sifted and then packed in casks for sale. 
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In the year X of the. French Republic, Lesage pointed out the 
existence of similar cement stones on the coast of France, near 
Boulogne, and Drapier proved their identity with the English, by 
chemical analysis. 

Roman cement is one of the most powerful hydraulic mortars, and 
is exceedingly valuable, not only on account of the rapidity with 
which it hardens, and this is effected in a very few minutes, but 
because, when hardened in considerable masses, it is not liable to 
crack. 

Since that time, similar calcareous marls have been found in nu- 
merous places, wherever pains have been taken to look for them, and 
have been used for similar purposes. To give an instance of this, 
Kittle, in Aschaffenburg, examined a series of limestones from the 
Spessart, and found in four different places in the neighborhood, lime- 
stone, w’hich yielded a very tolerable mortar, and two varieties, which 
were excellent. Hydraulic lime has occasionally been met with in 
the same quarry as fat lime; and its nature not having been investi- 
gated, has been neglected as useless in consequence of the slowness 
with which it slaked. 

All artificial or natural hydraulic limestones are soluble (before 
as well as after calcination) in muriatic acid with the separation of 
silica, except when sand or some similar substance has been added 
to them. 

Practical Remarks , — The hydraulic limestones, when they do not 
contain a sufficient quantity of lime to be capable of slaking with 
water, must be very finely pulverized; it is only by this high state 
of division that a proper action can ensue. A thorough penetration 
of the siliceous portion by the lime is never entirely effected, but a 
certain proportion remains enclosed and removed from the sphere of 
action. 

One point, which is very often neglected in preparing artificial 
hydraulic mortar, is the attention to the proper proportion between 
the slaked lime and cement. Both the ingredients must be mixed by 
measure or weight, and not merely estimated by the eye. 

The best plan is to moisten the necessary quantity of cement first, 
and then mix the freshly slaked lime with it. The more uniformly 
and intimately both are mixed, the better is the result. 

The hydraulic mortar employed in building the Eddystone light- 
house, was mixed by Smeaton from equal proportions of lime, slaked 
to powder, and Puzzolana. Trass and Puzzolana are generally mixed 
with J their weight of lime, as was the practice amongst the Romans. 

It is desirable to ascertain the best proportions by experiment in all 
cases where no certain knowledge of the nature of the two substances 
can be obtained. 

Good hydraulic mortar, whether made from natural limestone or 
composed of lime and cement, should not show any tendency to crack 
when hardened under water, even when no sand is mixed with it. 

It then forms a very dense and solid mass, which, in a short time] 
neither suffers water to permeate it, nor is attacked by the water, but 
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acquires a considerable degree of hardness. For this reason, it is 
well to ijse nothing but hydraulic mortar for those parts of walls which 
are constantly under water. If the mortar is not only required to 
harden, but also to bind well, a very important point must never be 
neglected, and that is to moisten the surfaces of the stones to which the 
mortar is to be applied. When this is not done, the surface of the 
stone (by its power of absorbing moisture), dries the mortar and pre- 
vents proper adhesion from taking place ; the joint then remains open 
to a greater or less extent. 

It does not by any means follow, that because hydraulic mortar is 
the only durable material for building under w^ater, it cannot conse- 
quently be used for dry walls. It is, on the contrary, of the greatest 
service wherever protection is required against the infiltration of 
moisture and damp ; and dwellings or buildings can often be rendered 
very much less damp by a judicious application of a hydraulic coat- 
ing; a layer of this kind, when once hardened, is not calculated, like 
ordinary mortar, to attract moisture and allow it to pass through. The 
hydraulic mortar must, of course, when used for covering dry walls 
or otherwise, be kept moist and watered, until it has acquired its pro- 
per degree of hardness. If this is not attended to, a soft, friable, 
useless coating is the certain result. If moisture enters from below, 
for instance, between the wall and the coating of mortar, it will con- 
tinue confined there in consequence of the impenetrability of the lat- 
ter, which, on the occurrence of a frost, will most certainly peel off 
and be destroyed. Care must also be taken that the mortar does not 
dry up of itself immediately in the air, in which case, it contracts and 
cracks. It is, therefore, necessary to add sand or some other substance 
which obviates the shrinking. Hydraulic mortar will bear a very con- 
siderable quantity of sand without injury to its hardness, even as much 
as one and a half times its own weight and more. This addition, 
therefore, is important in an economical point of view. The grain of 
the sand employed, however, requires attention, as was the case with 
ordinary mortar ; sharp, angular sand is decidedly preferable to blunt 
rounded sand, and it is better to use a mixture of coarse with fine 
sand, than that the sand should be all of the same sized grain. The 
sand should likewise be as free as possible from earthy particles and 
dust. In mortar composed of lime and cement, the rule is, to propor- 
tion the sand to the quantity of cement used. Slaked lime will not 
bear more than a certain quantity of these substances, which quantity 
must not be exceeded, the cement itself being for the greater part in- 
active and playing the part of sand. 

Hydraulic mortar that sets with sufficient rapidity, and to which a 
proper proportion of sand has been added, may be employed for cast- 
ing tolerably massive objects, which are not subject to crack when 
dry. This enables hydraulic mortar to be employed for architectural 
ornaments which then combine great sharpness with durability, are 
very light as compared with similar figures of sandstone, and have 
the great advantage of being easily multiplied. 

A similar application is that for casting water-pipes, on the spot 
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where they are required, as proposed by Gasparin. The mould em- 
ployed is a linen hose, like those attached to the fire-engines, a few 
meters in length, which is filled with water and closed at both ends. 
A thick kind of bolster is thus produced, over which sand is sifted, 
and it is then laid upon a deposit of hydraulic lime and covered, by 
pouring over it the same substance. When the whole has hardened, 
the hose is drawn forward, about the length of one foot being left in- 
serted in the tube, and a fresh length is cast. Water courses, thus 
constructed, must, however, have a certain amount of fall, or the sand 
cannot be washed out, and will impede the delivery of the water. 

When hydraulic lime is mixed with small stones, or with shingles 
from the bed of a river, or the sea, walls can be directly constructed 
of it, and a mass is obtained which resembles the erections with ordi- 
nary mortar, and is called heton by the French. 

At Toulon, a mixture was used for the construction of the harbor, 
consisting of 3 parts lime, 4 Puzzolana, 1 smithy ashes, 2 sand, and 
4 parts of rolled stones or shingles. 

The great strength of walls, constructed with hydraulic mortar, 
is most clearly shown by the experiments undertaken with a view to 
break beams constructed of brickw’ork. A 25 feet long, and 2A feet 
wide beam, constructed with 19 layers of bricks, bound together by 
Roman cement, in which, here and there, parallel strips of iron were 
enclosed, was capable of bearing, when supported at both ends, a 
weight of 22 tons, suspended from the middle, before it showed signs 
of fracture. 

[Careful experiments on the strength of various mortars composed 
of cement, lime and sand, have been made by various engineers, 
especially by Treussart, Petot and Courtois, a translation of whose 
several essays has been published by Lieut. Col. J. G. Totten, U. 
S. Engineer. He has also added experiments of his own, in illustra- 
tion of certain points of the subject, some of the results of which are 
of such interest, as to deserve the attention of architects and engi- 
neers, as well as of scientific technologists. 

Col. Totten used three kinds of hydraulic cement, two of which, 
^^A.” and were manufactured in New York, and the third 

was Roman” or ‘‘Parker” cement, imported from England. He 
also used three kinds of lime, that of Smithfield, R. I., Thomastown, 
Maine, and Fort Adams, R. I. The lime was slaked in three dif- 
ferent modes, viz: 1st, by sprinkling; 2d, by drowming, and 3d, by 
air-slaking. The “drowning” consisted in adding to the lime at 
once, water enough to reduce it to a cream, of such consistency as to 
afford mortar of proper temper, without the addition of more water. 

The sand which he employed, was likewise varied in the size of 
its particles. 

JVb. 1” was the kind habitually used at Fort Adams in 
stone masonry. It is entirely free from dirt ; and w^hen 100 parts by 
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bulk were sifted, the particles which were between Jth and J^th of 


an inch in diameter, were found to be 10.00 parts. 

Those between y’^th and ^^yth of an inch - - 5.00 ‘‘ 

between ^j^yth and y^gth of an inch - - 48.00 

“ between y’gth and dust . - . . 45.00 

true dust mostly silicious .... 4.50 


Showing the 100 parts now to occupy a space = 112.50 

His sand JVb. 2, was the sand No. 1, freed from all particles larger 
than y^^th of an inch. 

Sand JVb. 3, was the sand No. 1, freed from all particles larger 
than y’gth of an inch in diameter. 

Sand JVb. 4, w^as sand No. 2, pounded very fine, after being freed 
from dust by washing. 

Having tested both the tenacity and hardness of a great variety of 
mortars formed from these several materials, he deduced therefrom 
the following general conclusions : 

1. Within the limits of the experiments, a mortar made of lime and 
sand, or of hydraulic cement and sand, or of hydraulic cement, lime 
and sand, (whether the cement was cement “A.” or cement “B.,” 
or Roman cement,) was the stronger, as the quantity of the sand w as 
the less. 

2. With cement A., or cement B., any addition of sand weakens 
the mortar. 

3. When cement mortars are not required to be the strongest that 
can be made, a little lime may be added, without great loss of tena« 
city, and of course, with a saving of expense. 

5. Mortar made in a mortar mill, is superior to that which is made 
by being mixed in the common mode, with the hoe. 

5. When the bricks are dry and the mortar more fluid than usual, 
the mortar is better both as to tenacity and hardness, than when the 
bricks, being wet, are put together with mortar of common con- 
sistence. 

Experiments were made to determine the effect of time in bringing 
the several mortars to a permanent state of tenacity and hardness, as 
effected by the mode of slaking, or the kind of lime. From these it 
appeared. 

6. That w^hatever is the mode of slaking or kind of lime, the 
mortar is the stronger as the quantity of sand is less. 

7. Lime slaked by drowming, or using a large quantity of water in 
the process of slaking, affords a weaker mortar than slaking by 
sprinkling. 

8. The experiments with air-slaked lime were not numerous, but 
the results w^ere unfavorable to that mode o^ slaking. 

9. The mortars are very materially stronger at the end of 53 
months, than at the end of 6 months; the increase of tenacity in the 
longer period was 57 per cent., and of hardness, 97 per cent. 

10. Brick-dust or the dust of burnt clay, improves the quality of 
mortars both as to tenacity and hardness. 
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11. Hydraulic cement added, even in small quantities, to mortars, 
sensibly improves their quality. 

12. The tenacity of mortar is increased after long exposure (53 
months), by using it rather more fluid than usual on dry bricks, (as 
above stated for shorter periods,) but the hardness is rather greater 
when wet bricks are used. 

13. In mortars of sand, cement and lime, the lime remaining the 
same in quantity, the mortars were stronger as the quantity of sand 
was less, in proportion to the cement. 

14. In mortars of cement, sand, and lime — the quantities of cement 
and sand being the same — the mortars are stronger as the quantities 
of lime are less. This is not, however, universally true. 

15. Mortars of cement and sand are materially stronger when the 
least possible quantity of water is used, than when the mortars are 
made thin. 

16. Mortars made of cement and sand with the least possible quan- 
tity of water, are stronger when kept in a damp place, than when 
kept in a dry one. 

17. In mixtures of lime and sand in various proportions, the mortar 
is generally stronger as the lime is slaked with less water. 

18. Sand freed from dust by washing, and then pounded fine, gives 
much better mortars than a sand composed of particles of every size, 
from dust up to grains y^th of an inch in diameter, 

19. Mortars of cement and sand are injured by any addition of lime 
whatever. 

20. Stone limes give better mortars than shell limes. 

COMPOSITION AND STRENGTH OF CONCRETES. 

Col, Totten also made several experiments to determine the rela- 
tive value of various concretes. Having ascertained that the void 
spaces in sand No. 1 were 33 per cent, of its measured bulk, and 
that the filling of the void space with fine cement (in dust) would 
require at least that amount ; and further, that to make the cement 
into stiff paste required 35 per cent, of its bulk of water, he inferred 
that to make 1000 parts by bulk of a mortar suitable for concretes, 
there would be required 

of sand No. 1 1000 parts 

of cement 528 “ 

of water ------ 185 ‘‘ 

Experiments also proved that stone fragments nearly uniform in 
size and weighing about 4 ounces each, contain among them 68.0 
per cent, of void space; consequently, to make a concrete of 1000 
parts by measure of such fragments united by cement-mortar, com- 
posed as above, there would be required — 

Stone fragments, about 4 ounces each - 1000 parts 

Sand No. 1 482 “ 

Cement in powder - - - . 255 “ 

Water 89 
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Besides the above described granite fragments^ angular and of ave- 
rage weight of four ounces, other kinds of coarse materials were used 
to constitute the larger constituents of concrete, viz : angular hrick 
fragments o{ four ounces weight; stom gravel made up of rounded 
pebbles from ^ to fths of an inch in diameter, and hrick gravel composed 
of angular fragments of bricks from \ inch to 1 inch in their greatest 
dimensions. 

The void spaces in the granite and brick fragments was 48 per 
cent., and in the stone and brick gravel 39 per cent, of the total mea- 
sured bulk. 

One set of experiments on these several coarse ingredients w^as 
made by using in each case a measure of mortar equal to the mea- 
sure of void space, and another set, by using two such measures of 
mortar; the mortar in all cases being made with as small a quantity 
of water as possible. Prisms were formed in boxes by ramming the 
concretes forcibly into them, much after the ordinary manner of mould- 
ing bricks. Having been kept in a damp place for 6 or 8 months 
the prisms were broken by being placed upon two supports and 
weights gradually applied to the centre until fracture took place. It 
is unnecessary to cite the detail of the experiments. 

The following general conclusions are, however, worthy of notice, 
as they serve to confirm the deductions in regard to mortars. 

1. When the mortar with which the concrete was made, w’as con- 
stituted of cement, sand, and lime, or of cement and sand without 
lime, the concrete was the stronger as the sand was less in quantity. 

2. A mortar of cement and sand is not improved by the addition 
of lime while the bulk of sand is only equal to, or is less than the 
bulk of cement; but as the quantity of sand is further increased, the 
mortar is more and more benefited by the addition of a small quantity 
of lime. 

3. Two measures of mortar in concrete are better than one mea- 
sure : that is to say, a quantity of mortar equal to the bulk of the void 
spaces does not give so strong a concrete as twice that quantity of 
mortar. 

4. The best material to mix with mortar to form concrete, is quite 
small, angular fragments of brick; and the worst is small, rounded, 
stone gravel. 

5. Grout, poured amongst stone or brick fragments, gives a concrete 
inferior, in general, to those obtained from mortars. 

6. The strongest prisms of concrete after eight months’ exposure 
was about half as strong as an equal prism of sound and strong red 
sandstone.] 

Mr. Frederick Ransome has lately taken a patent for preparing 
different articles with a kind of vitrified cement. The following 
is the principle of his process. 

Flints are suspended in wire baskets in a boiler of caustic alkali, 
which is heated to about 300° Fahr., under a pressure of 50 to 80 lbs. 
per square inch. A solution is thus obtained of silicate of soda or 
potash (of a sp. gr. of from about 1.3 to 1.6). 

VOL. II. 2i 



398 


RANSOME’S ARTIFICIAL STONE. 


This is the cementing substance, the composition of which is said 
to be 

Silica - - - - 20.43 

Soda ... - 27.05 

Water - . - - 52.52* 


100.00 

One part of this liquid cement is ground up with 1 part of pipe- 
clay, and 1 part of powdered flint, which are well mixed in a pug 
mill with 10 parts of sand or road-drift. The mixture is pressed into 
plaster moulds, and is then dried in the air on flat surfaces to prevent 
warping. It can now be handled, and is stove-dried previously to 
being placed in a potter’s kiln, where it is heated slowly for 24 hours, 
and up to a fair red heat for 24 hours more, and then gradually cooled 
during five days. 

This gradual annealing is essential, because the silicate of soda, 
during the firing, takes up more silica and alumina from the flint and 
clay, forming a true insoluble glass, which would crack if not properly 
annealed. The stone is not affected by boiling in nitric acid, which 
proves that an insoluble glass has been formed. 

Sand and road-drift produce a white stone suitable for the face of 
ornaments, which are backed up with composition made of loam and 
silicate of soda. 

According to the quantity of silicate of soda used, the stone may be 
either porous or impervious. If sufficient is used to fill up all the in- 
terstices between the grains of sand, the stone will be impervious. 
Some of Mr. Ransome’s stone has been exposed for two years to the 
weather without the sharp edges being in the slightest degree injured ; 
many porous stones will stand weather and frost better than impervi- 
ous ones, and it is therefore still a question whether this stone will 
resist the action of air and rain loaded with sulphurous acid, as is the 
case in London. Some of the blocks of stone quarried at the island 
of Portland for St, Paul’s Cathedral, and left there^ are now quite 
perfect, whilst the stones in the Cathedral have become very much 
decayed. 

Mr. Ransome in his patent, 22d October, 1844, merely directs 
the stone to be dried at 212° Fahr., or at a higher temperature, and 
does not say anything about baJcing it ; he directs about Jth part of the 
silicate to be used in the mixture. f It w\as stated at the Institution 
of Civil Engineers, that slabs of 7 feet long, by 9 ins. X 3 ins., had 
been made perfectly flat and true, and that the reason they did not 
warp w^as, that the particles of sand were in contact with one another, 
and the cement only filled the interstices. If, on the contrary, too 
much cement were used, the shrinking of the cement would warp 
the slabs. Square blocks of this stone, w’e believe, may be procured 
for 3^. per cubic foot in favorable localities for the materials, fuel, &c., 
but the principal application for which it is intended, is for ornaments, 

• FaraHay, however, states the amount of water to be 75 per cent, 
t See Chera. Gazette, vol. iii. p. 360. 
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as mouldings, rosettes, coats of arms, mullions, &c. ; for elaborate 
forms may be given to it at very little more expense than is required 
for the simplest form. Terra cotta has been used for these purposes, 
but it warps in baking, and produces so many waste pieces, that it 
becomes more costly, and is less correct, than stone worked by hand 
in the usual manner. 

Mr. Buckwell has also proposed a plan for making large masses, 
slabs, and pipes from stone and cement; but his invention does not 
apply to the manufacture of cubical blocks. 

He uses fragments of stone as large as will go freely into the mould, 
mixed wdth other smaller fragments, of various sizes, to fill up the 
interstices as much as possible, the remaining space being occupied 
by the cement, composed of chalk and Thames or Medway mud 
burnt together. 

One part of this cement is mixed with’ 8 or more parts of fragments 
of stone, and wetted with the smallest quantity of water, sufficient to 
moisten the whole; a portion of the mixture is then put into the mould 
to a depth of inch, and rammed down by hammers or monkeys; 
another inch is then added, and rammed down, and so on. The 
mould is perforated, and, although so little water has been used, it 
oozes out at all parts, showing that the effect of the ramming is to 
bring the particles of stone into much closer contact than could be 
done by any simple pressure. When taken out of the mould, the stone 
is hard enough to ring, and is fit for use in tw^o days ; it becomes 
still harder by exposure to air or water for some months. 

New Portland stone fragments cannot be used for this conglomerate, 
because they crush into powder under the hammer; old Portland 
stone, which has become hardened by exposure, answers very well, 
and makes an artificial stone of greater specific gravity than Portland 
stone itself. The cement is harder than the Portland stone. Flaws, 
repaired by the mixture laid in with a trowel, are much softer than the 
cement in the body of the stone which has been consolidated by the 
ramming. The moulds are made of metal and are very expensive, 
which prevents the material being applied to ornamental purposes. 

Separate pieces of stone can be joined by well ramming or caulk- 
ing in the composition between them. For this purpo.se, of course, 
the pieces should be firmly fixed before beginning to caulk between 
them. Mr. Buckwell states, that he could execute entirely in his 
artificial stone the ordinary system of sewage, with improvements, at 
the ^amecost as the present mode of executing it in bricks. It may, 
therefore, be doubted whether it would be advisable to employ it. A 
new arrangement of sew^age, which be proposes, would cost £2 lOs. 
in his stone, for what w^ould cost .£15 in brick work: but it does not 
as yet appear why, in one case, artificial stone should cost as much, 
ana in the other, only Jth the price of brick. 

An illustration of the effect of percussion in consolidating materials, 
may be taken from the fact that concrete^ a mixture of gravel and 
lime, sets harder and better the greater the height from which it is 
allowed to drop into its place : in building the Royal Exchange, Lon- 
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don, it was shot in from a platform thirty feet above the foundation. 
It seems probable that concrete might be rendered still harder by 
mixing it with rather less water and ramming it well in its place. In 
Malta the roofs of the houses consist of flag stones placed in a nearly 
horizontal position; over the flag stones a bed of fragments of stone 
and a little clay is laid, which is moistened with water, and beaten 
and rammed until nearly dry: it is then covered with a layer of ce- 
ment, formed of four parts of lime to three of puzzolana, moistened 
with water, and well beaten down until it begins to dry ; this again is 
covered with a layer of dry stone fragments to prevent the sun from 
cracking it, which being swept off after a few days, a fine smooth im- 
pervious roof is obtained. 

Hydraulic Fresco-painting , — In conclusion, we must notice a dis- 
covery of Fuchs and Schlotthauer, which was lately communicated 
to the Academy at Munich, and which has reference to a new mode 
of fresco-painting. While the fixing of the colors in the antique, as 
well as in the modern fresco-paintings, is due to the hardening pro- 
perty of caustic lime, when exposed to the atmosphere, the colored 
surface upon this new method is converted into a silicate of lime. 
The two older methods stand, therefore, in the same relation to the 
new one, as ordinary to hydraulic mortar. While fresco-paintings of 
the former kind are not very durable, (except in cases, as at Pompeii, 
w’here their preservation is due to the entire exclusion of light and 
air), and artists have reason to mourn over the destruction of the 
greatest master-pieces; those obtained upon the new principle are 
capable, not only of withstanding the action of water, w’eak acids 
and alkalies, but also the great changes of climate during a severe 
German winter, without injury to the freshness of the coloring; and 
the colors are so firmly attached to the ground that they exhibit no 
tendency to separate from it themselves, nor can they be removed by 
mechanical agency. The particulars of the process have not been 
made known, but it appears probable, that it is dependent upon the 
silicification of the lime mortar, by means of a solution of an alkaline 
silicate, of which w’e have previously spoken under soluble glass. 


OF GYPSUM. 

The gypsum known in the arts, is a combination of sulphate of 
lime with water; it contains 79*07 parts sulphate of lime, and 20*93 
parts water, or one equiv. of the former to 2 equivs. of water (CaO, 
S(X-f-2HO). The tw'o equivalents of water are combined in a very 
different manner in gypsum, and play a very different part. While 
one equivalent is ordinary water of crystalization, the other may be 
viewed as saline water, or as water which can be replaced by a saline 
compound. This circumstance is the key to several peculiarities in 
the nature of gypsum. 

Occurrence , — Gypsum is a mineral that never occurs in primitive 
rocks, but is found in all the subsequent formations in which water 
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has been concerned, beginning with the younger members of the 
transition rocks, to the fresh-water deposits of the tertiary formations. 
In the transition mountains it occurs so sparingly, that it is never 
obtained from them for technical purposes. The members of the 
secondary formations, on the contrary, and particularly the lias, the 
marls, the keuper, &c , and the shell limestone {Mtischel Kalk)^ sup- 
ply it in abundance. The masses of gypsum found in the tertiary 
beds are still more extensive. They are distinguished from the 
former, not alone by age, but by the organic remains, bones of ani- 
mals, shells, &.C., which they contain, and also by a certain proportion 
of carbonate of lime, in general, therefore, by a less degree of purity. 
The Paris Basin is the best instance of this kind of formation. 

Gypsum is soluble in about 400 parts of water, and its solubility is 
not increased by a higher temperature. It is probable that the gyp- 
sum of the more recent formations has been gradually precipitated 
from w^ater, while, in other cases, it may have been produced by the 
action of the vapors of sulphuric acid (for instance, from decomposing 
iron pyrites) upon carbonate of lime. 

Gypsum does not often form connected layers of any great extent, 
like the clays and limestones, but occurs in remarkably isolated or 
detached, irregular deposits, not unfrequently subverting the neigh- 
boring rocks and penetrating into them. 

In all the great varieties of form and character in w’hich gypsum is 
found, a preponderating tendency to assume the crystaline form is 
always observed. Pure crystals of gypsum are very common, and 
are often of considerable size, sometimes in the form of lamellar twin- 
crystals, like sw^allows’ tails. 

A section of a crystal of this form is shown in Fig. 239, and similar 
crystals are frequently tbund attached to the bundles 
of twigs in the graduation houses, (see vol. i. p. 

251,) where salt is evaporated by exposure to the 
air. Some crystals are so large that laminae of 
several square feet may be cut from them, (called 
Marien-glass or FraueneiSy) which are used as win- 
dow’-panes. 

As a geological distinction, the varieties of gyp- 
sum may be classed under granular gypsum ^ a com- 
pact mass, composed of crystaline grains; the white 
translucent alabaster used in statuary belongs to this 
class, which, from its great softness, is capable of 
being cut with a knife and turned. Granular gyp- 
sum stands between dense gypsum on the one hand, 
in which the crystaline structure can no longer be 
seen with the naked eye, and fibrous gypsum on the 
other, which is frequently the substance that fills out fissures in rocks. 
The impure gypsum, containing carbonate of lime and clay, like that 
of Paris, is generally granular, passing into the dense variety. 

Pure sulphate of lime, without water, so-called Anhydritey is also a 
common natural production, and is generally found associated w’ith 
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gypsum. Thus, for instance^ anhydrite is found near Oldendorf as a 
nucleus, surrounded on all sides by hydrated gypsum. It is, how- 
ever, of no technical importance. 

Gypsum is used in sculpture, as alabaster ; but its chief applica- 
tion is connected with its chemical nature, as a decomposing agent 
in different branches of manufacture, and as manure in agriculture: 
it is also largely employed as the material for plaster-moulds, and as 
a species of mortar. The ornaments composed of gypsum must be 
carefully preserved from moisture, as the substance is perceptibly 
soluble in water. Of the two other applications of gypsum, we shall 
have occasion to treat immediately; but with reference to the last, it 
is absolutely necessary to become acquainted with the mutual action 
of gypsum and water, in order to understand the theory of its technical 
application. 

Properties of Gypsum . — Heated to 100^ C. (212^ F.) in vacuo, 
over sulphuric acid, gypsum parts with one-half of its water, that 
is, with its water of crystalization, and a combination of sulphate of 
lime with one equivalent of water remains (Ca0,S03 + H0). At a 
higher temperature the saline water is gradually expelled, and the 
gypsum becomes anhydrous below 150° C. (362° F.) Exposed to 
the free action of air, the process is somewhat modified; gypsum 
heated to 100° C. in the open air, loses scarcely any of its water; 
but this begins to be expelled at a slightly higher temperature, 
although it is not completely effected until the temperature has risen 
to 133° C. (272° F.) Gypsum, which has been deprived of its 
water at this temperature, attracts it again with the greatest avidity, 
when the two are brought into contact, and is again converted into 
the original compound (CaO,2HO). This recombination with water 
occurs in a few minutes, attended by an evolution of heat, w^hen the 
proper proportions are observed. If the gypsum is in the state of 
powder before or after its water has been removed, and is brought 
into contact with w’ater in this state, it sets or hardens very quickly, 
forming a porous earthy mass, which assumes the shape of the vessel 
in which it is contained. It is this property of gypsum which renders 
it valuable for casting figures and for mortar. It must be specially 
remarked, however, that when gypsum has been heated to a tempera- 
ture between 133° C. (272° F.) (at which point it parts with its 
water), and its melting point, it loses the property of recombining 
wdth w^ater altogether. It then acquires the properties of anhydrite or 
anhydrous gypsum, which does not harden with w^ater any more than 
gypsum which has only parted with its water of crystalization, or 
the compound (Ca0,S034-H0). It is probable that the difference in 
the properties of w^ell-burnt gypsum and anhydrite is due to their dif- 
ferent molecular arrangement.* 


• [Besides the varieties of gypsum found in a natural state, and composed as above 
stated, there is an intermediate variety sometimes found in nature and olU»n produced 
by art. A frequent exhibition of tliis material is made in the hard while crystaline 
scale, adhering to the interior of steam-boilers. According to an analysis of this scale, 
which will be found in the Journal of the Franklin Institute^ third series, vol. xiv. p. 220, 



CALCINATION OF GTPSUM. ‘ 0 ^ 

The dehydration or calcinatim of the gypsum, and its subsequent 
mixture with water, are the two paints, therefore, which require special 
attention. 

Calcination of Gypsum for Stucco . — The finest and purest varieties 
of gypsum, for making casts and for stucco, are brought for the greater 
part into commerce as a fine powder in the unburnt state. Artists 
prefer burning it themselves, as the safest plan for securing the pro- 
per temperature, upon which very much depends, particularly as this 
does not require to be very high. The powdered gypsum only requires 
to be heated in a metallic vessel over a moderate fire. In a short 
time, a kind of motion is observed in the mass, it appears as if it were 
borne up and suspended by the aqueous vapor which is evolved, and 
presents a level surface, as if it were a liquid. Numerous craters then 
appear, from which the aqueous vapor is expelled, and which are re- 
newed, after having been temporarily destroyed by stirring. By the 
movements, and the manner in which a glass or metal plate is be- 
dewed when held over the vessel, the progress of the dehydration can 
be very accurately estimated, and the process stopped at that point 
when the gypsum has acquired the proper state of dryness. The 
rapid solidification of the gypsum, for all castings and purposes of the 
fine arts, is a most essential condition. Artists have found, by expe- 
rience, that gypsum, entirely deprived of its water, does not harden 
so rapidly as that which has only been burnt or heated as long as the 
tumultuous expulsion of vapor lasts. In this case, the gypsum re- 
tains about :|th of its water. The cause of this has never yet been ex- 
plained, and it is the more extraordinary as gypsum which has re- 
tained the half of its water (CaOjSOj+HO) has no tendency whatever 
to harden with >vater. 

Instead of a vessel or pan, a hot metallic plate can be used to en- 
sure the proper degree of burning, and it is only necessary to stir the 
mass well, that the heat may be uniformly disseminated. This can- 
not be done to such an extent in the baking-oven, in which gypsum 
is very frequently burnt. The gypsum is not generally pulverized 
for baking in the oven, but the picked stones are broken into pieces 
of the size of an egg or walnut, and spread out upon the sole. It is 
well known, that the ordinary ovens of this description have no sepa- 
rate fire-place, but only the sole, upon which a certain quantity of 
brush-wood is burnt. The baking is then effected simply by the heat 


we have shown that the specific gravity of this artificial gypsitm is 2*095, that it is lami- 
nated, being formed in distinct layers upon the interior ol the metal of the boiler; that it 
has a crystaline structure, minute prismatic columns crossing the successive layers and 
making a continuous mass, and that the planes of stratification are marked only by varia- 
tions of color in the several successive deposits. 

Upon a very careful analysis, this substance was found to be composed of two equiva- 
lents of dry sulphate of lime, to one equivalent of V’ater (2CaO, SOg-f-HO), or it was 
a di hydrated gypsum. Natural minerals of the same composition are found in Nova 
Scotia, and in the salt region of south-western Virginia. The same comjwsition had 
been found in some minute crystals detected among the sediment of a steam-boiler, by 
Professor Johnston, of Durham, England. A good solvent of this scale gypsum, is ace- 
tate of potash, yielding by double decomposition, acetate of lime and sulphate of potash, 
both soluble salts. — Am. £d ] 
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which has been absorbed and retained by the brick- work of the walls. 
The temperature required for baking gypsum, is very much the same 
as that required for baking bread, and is estimated by the hand being, 
able to bear the heat of the oven for a few seconds. As soon as the 
sole of the oven is freed from the remains of the fuel, and the charge 
has been introduced, the door is closed. After a short time, pieces 
are taken out as trials. When these exhibit on the white, earthy, 
fractured surface only a few shining crystaline or still hydrated par- 
ticles, the proper point has been attained, and the charge must be 
removed, in order to be ground and sifted. As the baked gypsum 
is much softer and more friable than that fresh from the quarry, this 
method is also advantageous on that account. 

Mode of burning near Paris , — In those places where the process is 
carried on upon a larger scale, as at Paris,* where a very abundant 
bed of gypsum is worked for an extensive market, special plaster- 
kilns, or ovens, are employed for baking the gypsum. All these kilns, 
independent of a much less perfect regulation of the heat, give rise to 
an evil which can never occur in the other two plants. This consists 
in the gypsum coming into immediate contact with the fuel, or at 
least with the flame. It is well known, that charcoal (carbonic oxide 
and carburetted hydrogen) deprives gypsum of its oxygen at a red 
heat (Ca,S03+4C=CaS + 4C0), so that sulphuret of calcium remains, 
w’hich evolves sulphuretted hydrogen when exposed to air and mixed 
with water. 

The most general arrangement, Fig. 240, is something between a 
meiler, or mound, and a kiln. The whole 
g- forms a quadrangle of 10 feet square and 9 

feet in height, which is covered at the top 
with the arch, a, and is enclosed on two 
sides by the w^alls, A, 6, and at the back 
by the wall, in which the chimney, d, is 
erected. The front is left entirely open, for 
the convenience of charging and regulating 
the fire. Beyond the surrounding w^alls, 
no arrangements are made, and the fire- 
grates in the interior are always constructed 
afresh from the materials to be burnt. The 
burners select the thickest gypsum blocks, 
and build up the arched channels, X, X, X, 
in a direction from the front of the kiln to- 
w'ards the flue. Above these channels, 
which represent the fire-places, the remain- 
der of the larger lumps, then the middle 
sized pieces, the small pieces, and, at the highest part, the refuse and 

* In Paris, the workmen at the quarries sort the gypsum into three qualities ; the 
worst forms granular amorphous masses, containing aU)ut 12 per cent, of cnrlxmate of 
lime, which is used for mortar and as a manure; the second is the pure crystaline gyp- 
sum, lamellar, transparent, yellowish or colorless, occurring in groups or nests of various 
sizes, which is used for making casts; the third quality is alabaster. * 



CALCINATION OP GYPSUM WITH COAL. 


406 


powder are placed ; a wood fire is then made in the channels, X, X, X. 
The flame escapes through the apertures in the wall, y, y, into the 
chimney. 

Burning with Coal . — When coal is used as fuel, the same arrange- 
ment of the stones is made in the kiln, but the ash of the coal must 


Fig. 241. 



be removed. Thus in Figs. 241 and 242, below the arches X there 
is another series of perforated 


bricked arches, Z. Upon the 
latter the coals e,e, are placed, 
while the ash falls through 
the perforated bottom. A 
special chimney is not used 
in these ovens. In from 12 
to 16 hours, when the lower 
layers of gypsum have be- 
come red hot, the upper lay- 
ers are sufficiently baked. 
The exposed nature of these 
kilns renders it very difficult, 
or nearly impossible to regu- 
late the heat, and the tem- 
perature is always higher 
than is either necessary or 
desirable. The lower lumps 
of gypsum are always so 
much overheated that they 


Fig. 242. 
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will no longer set with water; they are said to be ctearf humtj while 
the upper layers are imperfectly dehydrated. 

The furnace or kiln proposed by Scannegatty and shown in Fig. 
243, is far better calculated for a proper process of calcination. The 
entire inner chamber is divided into two unequal parts by an arch P, 
P, situated about a foot from the bottom. The upper part, into which 


Fig. 243. 



the gypsum is introduced, partly through the door G, and partly at 
the mouth H, is provided with’^ 8 draught-holes J, J, J; the ninth 
draught-hole is formed by the tube in the covering plate M. The 
lower chamber, or fire-space, is in connection with the fire £, which 
is situated in front of the kiln. The draught-channel C, terminates 
in the ash-pit under the grate A on which a coal fire is made. The 
flame enters at a:, below the perforated arch P, where it is uniformly 
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disseminated over the whole area of the kiln, in an upward direction 
through the gypsum, and makes its escape through the apertures J, 

.7, J. If the heat is not uniform throughout the kiln, the registers 
7, 7, are opened on that side where it is least intense and where it is 
desirable to lead the flame, while those on the other side are closed. 
The aperture Z, is used for clearing the fire-chamber ; this, as well 
as G and 7/, are closed during firing. As soon as the temperature 
has risen to the point \vhen aqueous vapor begins to issue from the 
registers 7, 7, the object is to retain the kiln at that particular tem- 
perature, and trials are made at short intervals, in order to see 
whether aqueous vapor is still deposited upon a cold metallic plate, 
held over the apertures. When this dew^ diminishes, all the entrances 
to the kiln are closed, and the gypsum is allowed to cool during from 
12 to 15 hours. The kiln has a capacity of 325° C. F., and will hold 
220 cubic feet of gypsum, so that 100 cubic feet are occupied by the 
interstitial spaces. 

The properties of the gypsum clearly point out the necessity for 
calcining it at a low temperature, which is confined between very nar- 
row limits. 

Evils attending the Calcination , — This condition, and the evils at- 
tending the free action of the flames, w^ould render it inconceivable 
w^hy, in practice, the old method has not long since been abandoned, 
where the process is carried on upon a large scale, and the calcina- 
tion effected with steam heat or with hot air, w’hich have often been 
proposed, if the simplicity and economy of the ordinary mode of treat- 
ment were not in themselves a sufficient explanation. The tempera- 
ture of the steam might be easily regulated by attention to the pres- 
sure, while hot air would have the advantage of being forced directly 
through the gypsum, a plan which would be impracticable with steam. 
All the evils, over-and under-burning, dead-burning, and conversion 
into sulphuret of calcium, would thus at once be avoided. 

In the kilns of older construction, the greatest evil consists in be- 
ing obliged to place the gypsum in large lumps in the furnace, which 
are with difficulty burnt thoroughly to the centre. Every kiln is ob- 
jectionable in which the gypsum blocks cannot be reduced to the size 
of an egg before calcining. 

Grinding , — The grinding of gypsum is a very easy operation, in 
consequence of its soft, mellow nature. It is sometimes effected 
under stamping-mills, sometimes under edge stones, but most fre- 
quently in mills of the same construction as flour-mills. Rolling- 
mills have also been recommended. The pulverizing barrels shown 
in Fig. 144, vol. i., and described in vol. i. p. 361, are equally 
well adapted for this purpose. For making casts of medals, figures, 
and for stucco, a fine and uniform grain is essential, and for these pur- 
poses the gypsum must be in the most regular and uniform powder. 

Preparation of casts , — The elevation of temperature, which always 
ensues when gypsum combines with water, is explained upon the 
same grounds as were stated at page 370, with reference to lime. 
Although gypsum only combines chemically with Jth of its weight of 
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water^ yet it possesses the property of soliclifying and forming a firm 
connected mass, with an equal weight or even more, in short, with 
as much water as is necessary to convert it into a thick paste. The 
assumption of 2 equivs. of w^ater converts the particles of the powder 
into a porous net-work of gypsum crystals, which enclose the re- 
mainder of the water mechanically in their interstices, and give it out 
again on drying in the air. The freshly-set, moist gypsum, is at 
first very soft, but acquires its full hardness on drying; those por- 
tions which have been dissolved by the excess of water, are then 
gradually deposited, and cement the already solidified particles more 
strongly together. Solidified gypsum has by no means the degree of 
hardness of the ordinary stones, and although somewhat sonorous, is 
yet easily scratched with the nail. The property of setting with a 
large excess of water is a very important property in gypsum, as it 
can only fill the minute indentures of the mould in the state of a 
liquid paste. For very fine casts of medallipns, &c., the paste must 
be more limpid than for larger objects. The thinner, however, the 
paste that is employed, the more porous and loose are the casts which 
it yields, '^his useful hint is of great importance in practice. The 
necessary *ree of porosity for the moulds employed in the potteries, 
for instanc s attained with certainty by using a definite known 
quantity of \ ^r. The quantity of water, however, must be adapted 

to the variabk uality of the gypsum, and depends very much upon 
the temperature at which it has been calcined. The time required 
for hardening is also effected by the same circumstances. As a 
general rule, this is lengthened, in gypsum that has been burnt at the 
same temperature, by the foreign substances (carbonate of lime, &c.) 
which it contains, and by the increased dilution of the paste. Mixed 
with a large excess of water, the particles of gypsum combine with 
the proper quantity, but are incapable of binding or setting. Burnt 
gypsum also loses its property of hardening with water, when it has 
been exposed for a length of time to a moist atmosphere. If pro- 
perly-set gypsum is immersed in water, it becomes softer and softer, 
until at last it falls to pieces. 

It is well knowm, that in multiplying works of art, gypsum itself is 
cast in plaster moulds. In order to prevent the cast from adhering 
to the mould, the latter is saturated with oil, or better, with a mixture 
of soap and oil, without, however, allowing any portions of the mix- 
ture to protrude beyond the surface of the gypsum. The required 
density and hardness of the cast, the longer or shorter time in which 
it is desirable that it should set, the degree of fineness in the object 
cast, and lastly, the nature of the gypsum itself, must all be taken 
into consideration in regulating the degree of liquidity or the con- 
sistency of the paste. 

Making the Moulds . — In imitating works of art by the aid of gyp- 
sum, the first object is the preparation of the moulds. This is not 
attended with any difficulty when the object is flat and only one sur- 
face is to be moulded, as is the case with many medallions, coins. 
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&c., where no rentrant angles impede the removal of the mould. 
These moulds are made in one piece. 

The difficulty is very much increased when the form of the object 
to be moulded, renders it impossible to remove the entire mould 
without damage or injury, as is the case with statues, &c. In all 
these cases, the mould must be prepared from as many pieces as can 
be each separately and with ease removed from the model. All 
these pieces together then compose the mould. There are three ways 
of making these moulds. 

The separate parts are either moulded as so many different sub- 
jects, and these different pieces are then fitted together by hand, 
(cutting the edges, &c.,) without reference to the model, so as to 
form one entire mould. , 

Or the entire model is covered with a mass of gypsum which is 
then broken into pieces and separated. In order to do this with 
greater regularity, notches are cut into the plaster from the outer 
surface to within a feu* lines of the model. The separate pieces then 
crack in the direction of these notches. The first plan requires too 
much skill in the operator, and the casts are seldom true; the se- 
cond, on the contrary, affords exceedingly true castings, but the 
jagged edges soon crumble away after the first cast has been taken, 
and give rise to extensive sutures. For this reason the only method 
in which numerous true casts can be obtained from the same mould 
is when : 

Lastly, the mould is cast in pieces upon the model. A border of 
clay is placed round a portion of the model and into this enclosed 
space plaster is poured. The solidified piece is then removed, the 
edges are cut slanting in a direction towards the model, and small 
round holes are made in them; it is then greased and again placed 
upon the same part of the model, and a second piece is cast at the 
side of it. The round holes in the old piece are now filled by pro- 
jections in the new one, and by means of these, the two pieces can 
be accurately applied, the one to the other. This operation is re- 
peated upon a third part of the model, and so on until the whole has 
been moulded. A mould prepared in this manner will yield sixty or 
more good casts before the finer and sharper parts become blunjed. 

Most casts, particularly the larger ones, are generally made hollow, 
in order to spare material and render them lighter. A very thin paste 
is first introduced into the mould w’hich is sw’ung backwards and for- 
wards until this first outside coat of the cast has set; the necessary 
quantity of thicker paste is then introduced to give more solidity to 
the cast. For very delicate objects and fine moulds it is better to 
apply a very thin gypsum paste in the first instance with a brush, and 
then pour in the more solid paste. This should be done with finely 
engraved coins, &c. Admirable casts of natural leaves can be ob- 
tained, when these are properly supported and the gypsum is first 
applied with a brush, and as soon as the first layer has become stiff, a 
second very thick coat of plaster is applied. A layer applied with 
VOL. II. 2k 
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the brush in this manner is very desirable, as it excludes the possi- 
bility of air-bubbles settling between the mould and the casting. 

In casting objects in precisely their original dimensions, it roust 
not be overlooked, that gypsum expands about 1 per cent, in harden- 
ing. This expansion is of course compensated when a gypsum cast 
is again taken from a gypsum mould, which is not the case when the 
cast is composed of metal. 

In places like Paris, gypsum is extensively used as mortar for co- 
vering walls. While slaked lime is essentially improved by the addi- 
tion of sand, the contrary is the case with gypsum. It will not bear 
more than from ^ to J of sand or brick-dust, and hardens very much 
less quickly and well than in the pure unroixed state. 

Stucco , — Gypsum applied to w^alls can be easily ground, polished, 
or colored, and is often made to resemble marble in the most striking 
manner. Coatings of this kind are known by the name of stucco^ in 
which term architectural ornaments composed of gypsum are also in- 
cluded. 

In coating a wall with stucco, a coarser kind of gypsum is em- 
ployed as ground, upon which the finer quality, mixed with a solution 
of glue, is applied. That proper time may be allowed for plastering, 
the stucco must be so mixed that it will harden in from twenty to 
thirty minutes. With the aid of the glue, the surface becomes suffi- 
ciently hard to bear leveling with pumice-stone. The even surface 
is then rubbed over with gypsum paste, prepared with a stronger 
solution of glue, in order to fill all the pores and inequalities, and if 
necessary, this process is repeated. When fully dry, the surface is 
hard enough to bear polishing with tripoli and linen rubbers. In the 
meantime, the stucco is saturated with linseed-oil by the aid of a 
brush. Any color can be produced by mixing earthy pigments with 
the solution of glue and rubbing this up with the stucco. When 
layers of different colored gypsum are laid one upon another in this 
manner, they will present a ribboned appearance in section; and 
when the layers are intermingled with each other, the mass assumes a 
marbled surface. Indeed, colored striped marbles are simply the 
section of layers overlying one another in this manner. 

H^deningj or Setting , — A variety of methods have been sought to 
remwy the softness of gypsum casts, and render them less liable to 
be injured by scratching, &c. The different methods are classed 
together under what is termed the hardening. 

An observation of Gay-Lussac’s is worthy of notice in the first 
place, which is, that, under like circumstances, the hardest crude 
gypsum yields also, after calcination, the hardest casts, and the con- 
verse. The chief hardening methods and substances, after glue, as 
applied to stucco, are the following: 

According to Tissot, burnt gypsum, after it has set and become 
hard, should be repeatedly immersed in water, and dried each time. 
This operation appears to be a simple means of increasing the ce- 
nfientation of the particles by crystalization. 

A much better and more interesting process is that first proposed 
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by Pauware, and improved by Greenwood, which consists in harden- 
ing gypsum by means of alum, upon which subject Eisner has lately 
made some important observations. There are two methods of hard- 
ening by means of alum, which must be distinguished from each 
other. 

The one plan is to treat the finished castings with a solution of 
alum. A large bust was placed, for the space of a month, in a solu- 
tion of alum, free from iron, in from 12 to 13 parts of water, at 15° 
C, (59° F.), and at the expiration of this time it was wiped and dried 
in a current of warm air. It w'as now no longer capable of being 
scratched with the nail, nor did it soil the fingers, as was the case 
previous to immersion. Even powerful strokes with an iron hammer 
were incapable of breaking it. These advantages were, however, 
accompanied by a gray spotted appearance, and a tendency to be 
affected by moisture. Casts which have been treated in this manner, 
when immersed in cold water, become so soft that they easily take 
the impre.ssion of the finger. 

The second method of hardening with alum consists in treating the 
lumps of gypsum, as they leave the kiln, with a solution of alum, 
or powdered gypsum is triturated with a solution of this kind, and 
these are then again exposed in the gypsum kiln, or in a crucible, to 
a red heat. A steady uniform temperature is very essential in this 
operation. Gypsum, burnt a second time in this manner, with alum, 
possesses a dull, milk-white, or slightly cream-colored appearance, 
and is easily pulverized. When the heat has been excessive, the 
blocks become as hard as stone on the edges, and are very difficultly 
reduced to powder ; they are, indeed, dead-burnt. A properly burnt 
composition of gypsum and alum, solidifies after being pulverized, 
quite as readily as gypsum alone. If the gypsum-powder is mixed 
with water, the water enters into combination, but the product is not 
remarkably hard ; the mixture of alum and gypsum requires to be 
mixed with a solution of alum, containing from alum, in 

order fully to develop this property. Plaster casts remain longer moist 
when the gypsum has been thus prepared, but acquire a degree of 
hardness equal to that of alabaster or marble, and are translucent 
like those substances, in the less thick parts and angles. Thick 
plates can scarcely be broken with the hammer. The surface is 
white, wdth a tint of cream color, and takes a good polish. Exposure 
to the weather during whole months in winter does not injure objects 
prepared in this manner, or diminish their hardness in the least. The 
surface may be cleansed with wet cloths without damage. Im- 
mersion in cold, and even several hours’ exposure to boiling water, 
does not impair the hardness of the substance in the slightest degree 
(Eisner). 

It is to be regretted that no chemical investigation of the process 
concerned in the hardening of gypsum, by means of alum, has been 
published. 

There exists, perhaps, a similar affinity between sulphate of lime 
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and sulphate of alumina, as has been shown to be exerted between 
the latter and sulphate of magnesia. 

Another property of gypsum, which may possibly be in some way 
connected with these phenomena, may, lastly, be noticed. In the 
former part of this section it was pointed out, that one equivalent of 
the water contained in gypsum was saline w^ater, or such as can be 
replaced by a saline compound. The combination of a salt "with 
gypsum gives rise to solidification, as w’as the case with W’ater, but 
no greater degree of hardness is thus communicated to the gypsum. 
Solutions of carbonate, sulphate, and silicate of potash, produce much 
more rapid solidification than water; a solution of tartrate of potash 
and soda (Seignette salt) causes instantaneous solidification. 

The hardened mass has the appearance of ordinary gypsum, but it 
possesses the property of again hardening, when it is re-pulverized 
and mixed with a solution of a salt of potash. Bicarbonate of potash 
is decomposed by gypsum, with the evolution of carbonic acid ; caustic 
potash decomposes a portion of the gypsum, and in both cases solidi- 
fication ensues. Chlorate and nitrate of potash and the salts of soda 
do not produce the same effect. 

Another mode of hardening gypsum was stated at page 150, in 
connection with soluble glass. 


MAGNESIA. 

Sources of Magnesia . — But few of the compounds of magnesia are 
manufactured upon a large scale, and those that are so, are generally 
derived from the waste products of some other manufacture. Thus 
the mother-liquors from the salt works (vol. i. p. 246-260) afford a 
source of chloride of magnesium which can be converted into any of 
the preparations into which this base enters. The waste liquors from 
the alum-w^orks also afford sulphate of magnesia or Epsom salts, as 
was stated at pages 163 and 172. But the chief source of magnesia 
is found in the magnesian limestones (Zechstein of the Germans) 
which abound in this and in most other countries, and the chemical 
composition of several of which has been stated in the tables at page 
351, and the following. To these we may add some analyses of 
foreign magnesian limestones lately executed: and a series of French 
calcareo-carbonates of magnesia analyzed by Berthier. 


MAGNESIAN LIMESTONE (dOLOMITE). 



Norway. Tharand. Tyrol. 

Schnec- Koloao* 
berg, eiick. 

Bohemia. 

Carbonate of lime - - - - 

. . 05.88 

54.70 

54.50 

52.64 

8.5.84 

61.30 77.63 

Carbonate of magnesia * • 

- - 40.47 

42.10 

44.48 

35.80 

10.39 

32.20 18.77 

Carbonate of iron - . - • 

- - 2.81 

4.19 

3.73 

12.41 

5.03 

6.27 3.67 

Carbonate of manganese • - 

- - — . 

— 

— 

0.34 

— 

— — 


99.16 

101.05 

102.71 

101.19 

101.76 

99.77 100.07 


Seheerer. 


Kuliii. 



SULPHATE OF MAGNESIA; OR, EPSOM SALTS. 
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CALCAREO-CARBONATES OF MAGNESIA. 

1 2 3 4 5 6 7 8 

Bruni- Hour. Bour- Schir- 

Briene. Namar. qud. Namar. bonne bonne. Eatoron. nech. 


Lime 44 0 316 34.2 29.1 29.2 30.0 10.7 29.5 

Magne.sia S.4 13.6 16*2 21.0 21.2 22.4 7.7 20.0 

Protoxide of iron - - - - — 1.8 — 1.2 — — 0.8 1.3 

Protoxide of manganese • — — — — — — 0.3 — 

Carbonic acid and water * 40.6 45.6 44.0 46.7 44 6 47.0 18.0 46.4 

Foreign matter - - - - 7.0 0.4 5.2 2 0 5.0 0 6 61.9 2.2 


lOU.O 99.0 99.6 100.0 lUO.O 100.0 100.0 99.4 

The limestones under 4, 5, 6, 7, and 8, are obviously composed of 
1 equiv. of carbonate of lime to I equiv. of carbonate of magnesia. 
No. 1 is a compound of 4 equivs. carbonate of lime to 1 equiv. of 
carbonate of magnesia. No. 2, of 2 equivs. of carbonate of lime to 
1 of carbonate of magnesia ; and No. 3, of 3 equivs. of carbonate of lime 
to 2 equivs. of carbonate of magnesia. 

In England, the magnesian limestone lies immediately over the 
conglomerate or sandstone bed which covers the coal-measures; be- 
ginning at Tynemouth, it extends with little or no interval as far as 
Nottingham, or about 147 miles. In the course of this extent, it varies 
very considerably in appearance, but is generally a moderately com- 
pact limestone of a yellow color, and consists of equal equivalents of 
carbonate of lime and magnesia. 


SULPHATE OF MAGNESIA. 

From Jfatural Solutions — This salt is found in sea w’ater, in several 
salt springs, and even in ordinary w’eil water. The oldest source 
whence it is procured is that of Epsom, in Surrey, from whence it 
acquired the name of “Epsom Salts.” It also occurs in the springs 
at Saidschiitz, in Bohemia, and as an efflorescence in many localities, 
termed “Hair Salts” by mineralogists. 

It is procured from these bitter springs by simple evaporation and 
crystalization, but in such cases it is always contaminated with some 
chloride of magnesium. The same simple process is employed in 
some places to obtain it from the mother-ley after the common salt 
has been extracted from sea water, in which cases the sulphate of 
soda and chloride of magnesia are mutually decomposed, yielding 
common salt and sulphate of magnesia. 

From Shale . — It is also obtained in the neighborhood of Genoa from 
a shale containing magnesia, and the sulphurets of iron and copper. 
The shale is roasted and exposed to the action of the weather, w'hich 
facilitates the oxidation of the sulphurets. The magnesia abstracts a 
considerable portion of the sulphuric acid so formed, and the whole 
mass is then lixiviated. The copper is precij itated from the liquid 
by {ueces of iron, and the iron is afterwards thrown down by the addi- 

2k* 
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tion of milk of lime. The sulphate of magnesia is procured by boiling 
down the residual liquors and crystalization. The sulphate of mag- 
nesia obtained in this way is, however, never free from the sulphates 
of iron and copper. 

From Magnesian Limestone , — In this country, the sulphate is some- 
times manufactured directly from magnesian limestone and sulphuric 
acid, in conjunction with other products. The carbonic acid produced 
by the action of the sulphuric acid is employed in the manufacture of 
bicarbonate of soda, already described at p. 296, vol. i., while the 
mixed sulphates of lime and magnesia are thrown into large wooden 
vessels Fig. 244, which are fitted wdth a false bottom b 6. Water 
is now poured upon the thick mass and drawn through by the action 
of a pair of pumps c c, worked from an engine shaft in any convenient 
manner, as shown at d d. In this way, the whole of the sulphate of 
magnesia is extracted with the least expenditure of water; and the 
solution, after being pumped into a reservoir, is allowed to filter through 
layers of sandstone and charcoal to render it clear and bright, as 
shown in the sketch. Fig. 244, at B. The solution is now concen- 


Fipr. 244. 



trated by evaporation, and made to crystalize as rapidly as possible, 
in shallow wooden troughs lined with lead, in order that the crystals 
may be as small as possible to meet the prejudice of the trade in this 
respect. The sulphate of lime left on the filter or false bottom b 6, is 
worked up in the manufacture of Venetian red. 

The process, however, which is more generally pursued is as 
follows: 

Magnesian limestone is calcined in an ordinary lime-kiln, and re- 
peatedly w’ashed with water to remove as much of the lime as possible. 
The extent to which this is carried may be inferred from the following 
analyses of a sample of limestone in its natural state, and after it had 
been calcined and washed : 


SULPHATE OF MAGNESIA; OR, EPSOM SALTS. 4l5 


HATURAL. WASHED. 


Carbonic acid, &c. - 

- 47.12 

Water, &c. ... - 

32.51 

Lime ----- 

- 27.49 

Lime ..... 

7.34 

Magnesia - - - 

- 22.22 

Magnesia .... 

44.41 

Insoluble matter, ) 

3.17 

Insoluble matter, ) 

15.74 

alumina, &c. ) 

alumina, &.c. ) 


100.00 


100.00 


(Richardson.) 

The limestone selected by the manufacturer for this purpose is 
soft, and similar to that known as flexible; such samples as have the 
appearance shown in the sketch (Fig. 245) do not usually contain so 
much magnesia. 


Fig. 245. 



From refuse Alum-liquors , — In the manufacture of alum as con- 
ducted near Whitly, the “ salts’-molhers’’ contain in the gallon: 


Sulphuric acid (free) ... - 2697.61 

Sulphate of magnesia ... - 8910.40 

Sulphate of alumina ... - 852.24 

Sulphate of potash .... 3693.32 

Sulphate of manganese ... - 106.06 

Sulphate of nickel and cobalt - - - traces 

Sulphate of iron .... 3026.67 


grs. 19286.30 (Richardson) 
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which by crystalization produces a crude sulphate of magnesia, called 
‘‘ Rough Epsoms’’ which has the following composition: 


Sulphuric acid - . - 

• 

- 

32.26 

Magnesia - - - 

- 

- 

15.35 

Protoxide of iron ... 

- 

- 

1.73 

Oxides of nickel and cobalt 

• 

- 

0.12 

Lime .... 

. 

- 

0.09 

Alumina - . - - 

. 

. 

1.33 

Potash . . - - 

. 

- 

0.83 

Water .... 

- 

- 

48.29 


100.00 (Richardson.) 

These rough Epsoms are mixed with the washed magnesian lime in 
such proportions that all the sulphuric acid, except that in combina- 
tion with the potash and magnesia, is taken up by the free magnesia 
and lime. The mixture is then calcined in an ordinary reverberatory 
furnace, at a dull red heat, which assists the transfer of the sulphuric 
acid, and raises the metals to a higher degree of oxidation, thereby 
ensuring their insolubility. The calcined product is afterw ards thrown 
into a large circular cistern o, Fig. 246, filled with water, and in 


Fip. 246. 





-LiJ 



which a pair of edge-stones b 6, is made to revolve by suitable ma- 
chinery c c. By this arrangement, the large pieces are ground to 
powder, while the agitation produced by the motion of the edge-stones 
facilitates the solution of the sulphate of magnesia. 

The sulphate of magnesia liquor is subsequently clarified in the 
manner previously described, and crystalized in the usual shallow 
pans. When the liquid has drained off from the crystals, they are 
removed to a stove and dried at a low temperature. In this dry state, 
they are thrown into a species of temse, which reduces still further 
the size of the crystals, and renders the whole of a more uniform 
appearance. 
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From Bicarbonate of Magnesia. — Mr. Pattinson has also patented 
the application of his bicarbonate of magnesia solution for the pro- 
duction of sulphate of magnesia, which he effects by employing either 
sulphuric acid or its equivalent quantity of sulphate of iron, heating 
to the boiling point, and separating, in the latter case, the precipitated 
carbonate of iron by subsidence, and then cryslalizing. 

From native Carbonate of Magnesia. — Mr. Chance has lately im- 
ported a very pure, natural carbonate of magnesia from the Mediter- 
ranean, to which he adds sulphuric acid, and proceeds in the usual 
way for the production of this sulphate; and having, it is understood, 
secured the entire produce of the mine, he is likely to become a for- 
midable competitor to the other manufacturers. 

Another article is manufactured to some extent which requires a 
passing notice here, viz., what are termed “Mock Epsoms,’’ which is 
simply sulphate of soda crystalized very rapidly in shallow vessels 
for the purpose of adulterating the genuine article. 

The sulphate of magnesia crystalizes in right prisms, which at 60° 
Fahr. are soluble in their own weight of water. When exposed to the 
air, they effloresce and are reduced to powder. This salt has the 
well-known intensely bitter taste ; and is composed of 

Magnesia - - - - 16.26 

Sulphuric acid ... 32.52 

Water . - - - 51.22 


100.00 


CARBONATE OF MAGNESIA. 

JVative. — This substance occurs in nature, and is known under the 
name of magnesite, of which the formula is MgOCOj-|-3HO; but this 
form, under which it is sold in commerce, is really a subcarbonate of 
which the composition varies according to the following formulae: 

4Mg0C03 + MgOHO 
3MgOCO, + MgOHO 
2MgOC03 + MgOHO 

and is usually called magnesia or magnesia alba. 

From the Sulphate. — It is sometimes manufactured from Epsoms, 
or sulphate of magnesia, and from the chloride of magnesium con- 
tained in the mother-ley of common salt. In the latter case, the 
carbonate of magnesia is precipitated by the addition of the crude 
carbonate of ammonia, while sal ammoniac remains in solution. Do- 
lomite is also employed for the same purpose, when sufficiently pure, 
by which the carbonate of lime becomes converted into chloride of 
calcium, leaving the carbonate of magnesia behind as an insoluble 
powder. 

In this country it has been customary to employ the sulphate of 
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magnesia, but this process will be ultimately superseded by that pa- 
tented by Mr. Pattinson, to be described hereafter. The sulphate of 
magnesia is dissolved alone in boiling water, and about } more car- 
bonate of soda in another vessel. The two hot solutions are then 
run together into large wooden vessels, while a workman keeps the 
whole in continual agitation, for some time ; the mixture is afterwards 
allowed to remain at rest for an hour or so to permit the precipitated 
carbonate of magnesia to subside. When this deposit has taken 
place, the fine precipitate is repeatedly washed with pure water to 
remove all traces of the sulphate of soda formed by the double de- 
composition of the two salts. The carbonate of magnesia is then 
allowed to drain, until it acquires sufficient consistency to be formed 
into small pieces in the shape of parallelopipedons, and then dried 
on wooden shelves in a stove at a low temperature. 

The carbonate of magnesia, so prepared, is heavier than that 
manufactured in the cold, and contains more hydrate of magnesia, a 
portion of carbonic acid escaping during the agitation, in consequence 
of the high temperature of the liquid. 

From Magnesian Limestone. — Mr. Pattinson’s process consists in 
exposing finely ground and sifted magnesian limestone to a red heat 
in an iron retort or reverberatory furnace for two or three hours, by 
which he deprives the magnesia of its carbonic acid, and renders it 
soluble in water impregnated with the same acid. About 120 lbs. of 
this calcined magnesian limestone are then introduced into a strong 
iron cylinder lined with lead, and fitted with an agitator also covered 
with lead. A quantity of carbonic acid gas is now pumped into the 
cylinder, while the contents are kept in constant motion by the agi- 
tator, until absorption ceases under a pressure of five atmospheres. 
The whole is allowed to remain undisturbed for three or four hours, 
when the contents are runoff into a cistern and allowed to subside. 
The clear supernatant liquid is a solution of carbonate of magnesia 
in water, holding carbonic acid in excess, from which the carbonate 
of magnesia may be obtained by boiling to expel the excess of car- 
bonic acid, or by evaporation to dryness. In either case the subse- 
quent treatment is the same as described above, 

Mr. Pattinson modifies the process by employing the hydrate of 
lime and magnesia obtained by slaking thoroughly burnt magnesian 
limestone, which, however, requires a larger quantity of carbonic 
acid. He also proposes to substitute for the above the calcined mag- 
nesian lime, from which part of the lime has been removed by wash- 
ing, or a rough hydrate of magnesia obtained by dissolving magnesian 
limestone in muriatic acid and treating this solution, or a solution of 
chloride of magnesium in the form of bittern^ with its equivalent 
quantity of hydrate of lime. 

The carbonate of magnesia manufactured as above, is a beautiful 
white substance, very light and without either taste or smell. It dis- 
solves in 2,500 parts of cold, and in 9,000 parts of hot water, and is 
generally composed of 



SILICATES OF MAGNESIA. 


419 


Magnesia 

53.60 

Carbonic acid 

41.73 

Water - 

4.67 


100.00 


It is employed in medicine, and for the prepajation of pure mag- 
nesia by simple calcination. E. Davy has propose to use it in bak- 
ing bread for the purpose of rendering this article of food lighter, 
which effect is most probably produced by the action of the acetic 
acid in the dough, disengaging the carbonic acid. 


SILICATE OF MAGNESIA. 

Under this term, a number of natural productions are included 
which are of various application in the arts and manufactures, but in 
the preparation of which no particular process is employed. It will, 
therefore, be simply necessary to give their composition, and the pur- 
poses to which they are applied. 


a. Steatite or soap-stone. 

This substance is known also under the more familiar names of 
Spanish or Venetian chalk. Its composition is as follows: 



Nortl) America. Sala Sweden. 

Cornwall. 

China. 

Silica - 

50.60 

63.13 

45.00 

66.53 

Magnesia 

28.83 

34.30 

24.75 

33.42 

Alumina 

0.15 


9.25 


Oxide of iron 

2.59 

2.27 

1.00 

trace. 

Oxide of manganese 1,10 

(4 

44 

(( 

Water 

15.00 

4i 

18.00 

« 


98.27 

99.70 

98.00 

99.53 


Dewey. 

Lychnell. 

Klaproth. 



Englisli. 

Sliaram, Norway. 

Hofgastpiii. 

Miask. 

Silica - - - 

- 46.8 

32.03 

57.83 

25.60 

Alumina - - 

- 8.0 

12.52 

7.06 

22.21 

Ox. iron - - 

- 0.4 

4.48 

9.45 

5.00 

Magnesia - - 

- 33.3 

37.52 

25.58 

30.96 

Lime - - - 

- 0.7 

4( 

i< 

« 

Water - - - 

- 11.0 

16.19 

(( 

13.43 


100.2 

102.74 

99.92 

97.20 


Svanberg. 

Hochstetter. 

Wornura. 

Hermann. 


It is employed in polishing articles made of serpentine, marble, 
gypsum and plate-glass. When levigated, it is used as an ingredient 
of rouge. It is also sometimes used as a substitute for grease in the 
axles of carriages. It is further employed for sketching in outline on 
silk, linen and glass; as crayon; for painting on glass and for re- 



MEERSCHAUM— ASBESTOS. 


moving stains in woolen and silk goods. It has also been added in 
some cases to the materials for porcelain, to improve the transparency, 
but it renders the mass more brittle. The apparatus employed for 
the production of chlorine is occasionally manufactured from this 
material, as it resists the corrosive action of this gas. 

* i. Meerschaum, 

This form of silicate of magnesia, is employed in manufacturing 
the celebrated tobacco-pipes known under this name, and its compo- 
sition is as follows : 



Levant. 

Madrid. 

Natolia. 

Silica . - - 

- 60.87 

53.80 

42.00 

Magnesia - - 

- 27.80 

23.80 

30.50 

Lime - - - 



2.30 

Alumina - - 

Ox. of iron - - 

1 1 

O 

b 

1.20 

1 2.00 

Water - - - 

- 11.29 

20.00 

23.00 


100.05 

98.80 

99.30 


Lychnell. 

Berthier. 

Thomson 

MEERSCHAUM FROM MOROCCO, 

ANALYZED BY DAMOUR. 

Silica 

. 


55.00 

Magnesia - 

- 

- 

28.00 

Alumina - 

. 

. 

1.20 

Ox. of iron 


• 

1.40 

Lime 

. 

. 

1.10 

Potash 

- 

. 

.52 

Water 

. 

. 

10.35 

Sand 

- 

- 

1.50 


98.98 

Dobereiner has published an interesting paper on the artificial pro- 
duction of this material in the Journal fiir Praktische Chemie, vol. 
xxii., p. 157. 

c. Asbestos, 

This material is of frequent use in the laboratory, and in the manu- 
facture of various articles destined to resist the action of fire, such 
as lamp-wicks, &c. Its composition is as follows : 


Silica - - 

Kobell. 

- - 43.60 

RicbarJaon. 

43.35 

Tliomaon. 

40.95 

Magnesia 

- - 40.00 

31.85 

34.70 

Oxide of iron 

- - 2.08 

1 10.90 

7.05 

10.05 

Alumina 

- - .40 

1.50 

Water - - 

- - 13.80 

12.60 


99.87 

98.15 

98.80 
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BARYTES. 

The salts of barytes employed in the arts, are confined to the car- 
bonate and sulphate, (with the exception perhaps of the chloride and 
nitrate so universally employed in the laboratory as tests for the pre- 
sence of sulphuric acid.) 

Carbonate of Barytes , — Carbonate of barytes (witherite) is found in 
tolerable abundance in Wales, Lancashire, and several parts of Eng- 
land ; but very little of it is sufficiently pure for general purposes, 
owing to its being mixed with sulphate of barytes, sulphate and car- 
bonate of lime, peroxide of iron, and in some samples, especially 
those of waxy ap{)earance, carbonate of iron, sometimes to the extent 
of several per cent. 

The native carbonate has been analyzed with the following results : 



ANGLEZARK IN 

LANCASHIRE. 


Barytes - - 

- - 78 - 

- . 79-7 - 

- - 78-6 

Carbonic acid - 

- - 22 - 

- - 20-0 - 

- - 21-4 

Water - - - 


- - 0-3 - 



100 

100 

100 


Klaproili. 

Bncliclz. 

Withering. 


BARYTO-CALCITE FROM ALSTON MOOR, CUMBERLAND. 


Carbonate of barytes - - - 

- - 65’9 - 

- - 62-20 

Carbonate of lime ... 

- - 33-6 - 

- - 31-65 

Sulphate of barytes - - - 


- - O-oO 

Peroxide of iron - - - - 


- - 0-85 

Water and volatile matter - 


- - 3-45 


99-5 

98-45 


Children. 

Richiirdson. 


The use to which the native carbonate has been applied is the pre- 
paration of the various salts of barytes, which are made by saturating 
the respective acids with the powdered native carbonate. 

An artificial carbonate is prepared by a process discovered and pa- 
tented by the late Mr. Woolrich of Birmingham, and now carried on 
by his son, Mr. J. S. Woolrich, who has lately succeeded in introduc- 
ing it into the manufacture of plate and tlint glass with considerable 
success, as a cheap substitute for part of the alkali. The barytes 
fuses with an equivalent of silica, and forms a silicate of barytes, 
which mixes with the other silicates. The glass possesses the pro- 
perties of the best plate and flint glass. It is also used in the manu- 
facture of jiorcelain, jasper, &c. The artificial carbonate is prepared 
by heating the crude native sulphate of barytes (cawk) in a peculiar 
furnace with carbonaceous matter, until the following interchange of 
elements takes place: 

VOL. 11 . 2l 
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Sulphate 
of barytes 


' rfarium 
Oxygen 
Sulphur 
Oxygen 
Carbon 


Equivalent. 



2 equivalents of car- 
bonic acid gas. 

1 equiv. of sulphuret 
of barium. 


The sulphuret of barium is dissolved in water, and the two equiva- 
lents of carbonic acid gas are passed through it in such a manner as 
to convert the sulphuret of barium, with a portion of the water, into 
sulphuretted hydrogen gas, and carbonate of barytes ; or this process 
might be modified by first washing out all impurities with the waste 
muriatic acid of the alkali works, then treating the sulphate as prac- 
ticed by Mr. Woolrich ; but instead of dissolvingit in water, to expose 
the solid sulphuret in a moist state to the action of carbonic acid, by 
which means the sulphuretted hydrogen might be more easily col- 
lected and burnt to produce sulphuric acid in a vitriol chamber. 

Considerable attention is required to prevent the formation of sul- 
phite, hyposulphite, and some compounds of these with sulphur and 
with barytes, the presence of which would injure the quality of the 
carbonate, especially for the purpose of glass-making. No iron must, 
of course, be present in the prepared carbonate. W hen washed with 
pure w^ater, and dried, it is a fine, white, impalpable powder; and the 
low price at which it is sold, gives it a preference over the native 
carbonate. 

It is composed of 

1 equiv. barytes, or 77.66 
1 carbonic acid, 22.41 


100.00 

The carbonate, like all the other salts of barytes, is poisonous. It, 
is scarcely soluble in cold or boiling water, but is dissolved by free 
carbonic acid in the water. Its sp. gr. is 4-33. 

Sulphate of Barytes {heavy spar ), — Sulphate of barytes is found in 
considerable abundance in Scotland, Wales, and many parts of Eng- 
land, and is employed as a pigment, and also for the purpose of adul- 
teration. 

The following is the composition of the native sulphate from dif- 
ferent localities : 



Freiberg. 

Peggau. 

Neu- 

Lciningen. 

Nutfield, 

Surrey. 

Klausthai. 



Klaproth. 

' 

Stromeyer. 

Jordan. 

Sulphate of barytes - • 

- - 97,50 

90.0 

99.0 

99.3702 

86.0 

Sulphate of strontia • - 

- - 0.85 

— 


— 

6.75 

Silica 

- - 0.8 

10.0 




5.75 

Water 

- - 0.7 

— 


0.06C7 

0.375 

Oxide of iron - - - - 

- . — 

— 

trace 

0.0500 

— 


99.85 

100.0 

99.0 

90.4935 

98.875 
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The pigment, known under the name of ‘‘permanent white,” is 
made by precipitating the sulphate from a soluble salt of barytes, 
such as the chloride, by means of sulphuric acid or a soluble sulphate, 
which, w’hen washed and dried, forms a beautiful white powder, 
that is not acted upon by sulphuretted hydrogen gas. It is to this 
property that it owes its superiority over white lead as a water- color, 
the action of sulphuretted hydrogen upon the latter turning it brown . 
or black, while the barytes retains its pristine color. It, however, 
can only be employed as a water-color, for oils destroy its whiteness, 
and render it nearly transparent, while white lead makes an opaque 
mixture, said by the trade to possess “body.” The sulphate of ba- 
rytes employed for the purposes of adulteration is made by levigating 
the whitest varieties of the native sulphate, and afterwards bleaching 
it, by boiling with dilute sulphuric or muriatic acid, for the purpose 
of dissolving out any iron which it may contain. It is then well 
washed and dried, and forms a dense \vhite powder. Some of the 
native sulphate is sufficiently free from impurities and coloring matter 
as not to require the bleaching process. The sulphate preferred by 
the manufacturer on account of the facility of reducing it to powder, 
is that which is white and soft, possessing little or no crystaline struc- 
ture. 

The adulteration of white lead is carried on to a considerable extent 
w’ith this substance, but not in this country, where it is only employed 
in the manufacture of the inferior qualities of white paint. Some of 
the samples of white lead sold on the continent, contain three-fourths 
of this prepared sulphate of barytes, the presence of which can easily 
be detected by dissolving out all the carbonate of lead, by dilute acetic 
acid. The sulphate of barytes being unacted upon, can be washed, 
and the quantity ascertitined by w’eighing. 

A sample from Belgium contained: 

White lead - . - - 15.82 

Sulphate barytes - - 84.07 

99.89 Richardson. 


STRONTIA. 

Source of Strontia , — The nitrate of this earth is the only salt made 
upon a manufacturing scale, and its application is limited to the pur- 
poses of the fire-w^ork makers in producing the brilliant red or purple 
fires. It is prepared from the native sulphate (coelestine), which oc- 
curs in compact masses in the neighborhood of Paris, crystalized at 
Jena in Saxony, at Bristol, Edinburgh, and in Pennsylvania. The 
finest specimens, how^ever, are found associated wuth native sulphur 
in Sicily. 

The following is the composition of the native sulphate from difter- 
ent localities: 
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Dornburg, 
near Jena. 

Bristol. 

Sicily. 


Klaproth. 

Stromeyer. 

Thomson. 

Strontia . . 

. 58 . . . . 

. 56.2050 ) 

98.353 

93.G8 

Sulphuric acid 

. . 42 

. 42.9524 1 

Oxide of iron. 

. trace Protoxide of iron 

. 0.0251 ) 

0.374 



— — Alumina . 

. 0.05( )S J 



100 Cnrl)onate of lime 

. 0.1010 

SOjCaO 1.073 

1.02 


Bituminous matter and ) 

(i.2i »0 

0.30 


^vater 






99.51)00 

loo.OOU 

100.00 



1 Canada. 

i 

Suntel, 

near 

jMunder. 

Dehrself. 
near Alfeld. 
ill Hanover, i 

Girgenti. j 

Fassnthal. 

l>>rnburg, 
1 near 
j .lena. 

Sirontia - 
Sulphuric acid 

i a'j.724 

1 40.2(12 

5.>.l<t5 

42.73<i 

1 97.001 ' 

.50..‘{')40 
43 (i7.^i7 

1 92.1154 

, 51.731 

43.750 

Oxide oi‘ iron - 

’ .Si'S 

0 040:i 

oxide 0.010 

hyd.ox. 0.021»- 

oxide 0.5000 

— 

Sulpliate of ba- 

1 





rytes 

23.059 Baryta 

0.<003 

0.975 

— 

1 -750 j 

[ — 

Carbonate of 






lime 

— 

0.0153 

— j 

0.090;5 

and sulph. l.‘*333 

1.410 

Lime 

— 

0.3104 

— ! 



— 

— 

AValer 

.720 

0.0497 

0.21- 

0.17>- 

i 

— 

Silica 

— 

— 

0.107 

— 1 

1.0000 

— 


100.293 

99.19?' 1 
1 

99 577 

t'9,7294 

97.:i.537 

99.903 

I Madrell. 


Manufacture of Mitrate of Strontia , — The native sulphate from 
Bristol is employed in the manufacture of the nitrate in this country; 
it is ground in a mill to a fine powder, mixed with charcoal or small 
coal, and roasted in a reverberatory furnace, until the whole is con- 
verted into sulphuret of strontium. The chemical process is the same as 
was illustrated above with the sulphate of barytes. The roasted mass 
is boiled and lixiviated with water in cast-iron boilers, until the whole 
of the sulphuret is dissolved. The sulphuret is then converted into 
nitrate by the addition of dilute nitric acid, sulphuretted hydrogen 
gas being evolved. An excess of nitric acid must be avoided, as the 
solution cannot otherwise be concentrated in iron vessels, which it is 
desirable to use for the sake of economy. When sufficiently concen- 
trated, the liquor is transferred to earthenware pans, where it is ren- 
dered sensibly acid by the addition of more nitric acid, to crystalize. 
The crystals are formed more readily and of larger size from an acid 
than from a neutral solution. During the cooling of the solution of 
nitrate of strontia, flashes of light have been observed in the dark, 
and it appeared to Mr. Scanlan, to wffiom we are indebted for this ac- 
count of the manufacture, as if light were evolved at the birth of 
every new crystal. 

Nitrate of strontia crystalizes in octahedrons, or sometimes in irregu- 
lar prisms, w’hich are anhydrous. Under other circumstances, how^- 
ever, large octahedrons are obtained, containing 30 per cent, of w^ater 
of crystalization, and these are preferred by the fire-work makers, as, 
by efflorescence, the salt can be obtained in the state of a fine pow^- 
der, which mixes better with the chlorate of potash and charcoal in 
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the composition for red fire. Heated to redness, this salt melts in its 
water of crystalization, evolves oxygen, nitrogen, and nitrous acid, 
leaving pure strontia as residue. The salt possesses a cooling, sharp 
taste, it is soluble in 5 parts of cold, and in ^ of boiling water. It 
is also soluble in alcohol. The anhydrous salt contains 48’9 parts of 
strontia to 51*1 of nitric acid. 
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A, 

Acid, carlxDnic, gasefying, 3GG 
Acid, silicic, 27 

Alum, analysis of alum-shale from Siohda, 
by Lampadius, Karsten and Erdmann, 
154, 155 

- ' manganese, magnesia 

and iron, 152 

some artificial, 177, 178 

, Iwiling the crude ley for, 165 

, Campsie alum-ores, 15G 

, Chinese, property of, 178 

, composition of alum-earth, 156, 157 

feather, 158, 152 

natural, 151 

natural sulphate of, 

(aluminite,) 150 i 

" , crystal ization of, 170, 172 ’ 

, decomposition of alum-ores, 158 

, definition and commercial application 

of, 1 50 

— , impurities of, 178 

, liquors, refuse from, 

, lixiviation of the roasted ores, 1G2 

, mother-liquor of, 172 

, native, 151 

, neutral, and commercial sulphate of 

alumina, 179 

, preparation of, by Wiesmann’s i)ro- 

cess, 179 

, by Wilson’s process, 

180, 181 

the flour of, 167, 170 

, process for, in Scotland, 172, 174 

— , production of, from alum-stone, 152 

- from alum-ore, 153 

- from clay, 175 

from felspar, 17G 

- from rocks containing 

alumina, 174 

, properties of, 1 77 

, roasting or ustulation of, 10 1 

, Turner’s and Tilghman's furnace for, 

176 

Amethyst glass, composition of, 129 
Annealing sheet-glass, 60, 72, 82 
Argillo, 23 
Asbestos, 420 
Aventurine glass, 137 


B. 

Barytes, artificial carbonate of, 421 

, artificial sulphate, 423 

, in the composition of glass, 16, 31 

, native carbonate, 421 

, native sulphate, 422 

Bastenaire-Paudenart’s furnace for glass- 
making, 140 

Bessemer's method of casting glass, 89 
Bohemian glass, 114 

, ruby glass, 1 19 

, green glass, 120 

, blue glass, 121 

Bontemps’ and Guinand's process for opti- 
cal glass, 109-113 

Botticher s red stone-ware and porcelain, 
259 

Bottle-glass, composition of, 23 and 40 

, mechanical operations for, 46 and 50 

Bricks and tiles, properties of, 313, 314 

, elft*( is of foreign matters 

in clay for, 314, 315 
, color of, 335 

, field burning, or burning in clamps, 

332 

, fire, 343, 340 

, fire-clay wares for, 338 

, firing ill clamps, 333 

, light or swimming, 336, 338 

Brick machines, 323, 326 

, moulding by hand, 318 

machinery, 319 

kilns, 328 

Brown (John) analysis of yellow clay, 208 
Buckwell's patent stone, 399 
Bullion-bar, crown-glass, 67, 68 


C. 

Carlxinate of lime, manufacture of pure, 
372 

Carbonic acid, heat employed in convening 
to gaseous state, 3G6 
Casting glass, 78 

, Btihemian method of, 89 

Cement, clay and other substances use<I as, 
390 

, Roman, 391 

, Totten s experiments on, 394 
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Chance’s process for crown-glass making, 
60, 82 

- enamel-furnaces, 135, 136 

China-clay, 204, 205 
Clay, of, 196 

, analysis of, by Mr. John Higgenbottom 

and Mr, John Brown, 207, 208 

, blue, 207 

, China, 204, 205 

, classification of ware, 210 

— , composition of the, 199-202 

, fire, 208 

, fire w'ares, 338 

flux, 219 

■ , for pipes or tubes, 291, 307, 311 

, localities of the, 199 

— , machine for preparing the, 317 

marl, the, 209, 2 1 0 

, origin of the, 197 

, pipe and potter's, and composition of, 

200,208 

— , preparation of the, for bricks and 
tiles, 315, 316 

— , reddle, bole, ochre, and loam, 210 

, tobacco-pipes, 291 

, tubes, drying and firing, 311 

Clays and porcelain, ctimposition of, 218 
Cobalt ores for glass, 122 
Composition of clays and porcelain, table of 
the, 218 

Concretes, experiments on, by Totten, 390 
Copperas, Lefort's investigation of the com- 
position of difi'erent, 188 

, or vitriol, 150, 181 

Crown-glass, 52,62, 64 

, blowing and flashing of, 68, 70 

• , Mr. Chance’s process for, 60, 

82 

Crystal, composition of the, 25, 94 
Gullet, glass, 33 

Cutting and grinding flint-glass, 102 
Cylinder, blowing glass, 54 

D. 

Devitrification of glass, 20 
Discolorizing matters for glass, 32 
Drayton’s process of silvering mirrors, 93 
Dutch tiles, 298 

E. 

Earth, porcelain, 204 

, Fuller's, 2u8, 209 

Earthenware, clay or pug-mills, 279 
, coloring the, 289, 290 

■ , ( fay ence), historical, 274 

, (fine) material, 276 

, firing and furnace, 283 

, glaze and firing. 283, 286 

, metallic lustres, 290 

, monldiijg. 281 

— , nature of, 275 

printing, 280-289 


Earthenware, common, (enameled), mixture 
of the mass for, 294,295 

brown, 300 

, composition and pro- 
perties of the mass, 296, 296 

, firing and glaze, 297, 

298 

, insertion of the vessels, 

297 

, kilns, 296, 297 

, stove or Dutch tiles, 

298 

, (ordinary) potter's-w'are, 

historical, 3U0 

j antique vessels, 301, 

303 

, clay pipes or tubes, 307 

, firing and coolers, 305, 

306 

^ glaze, 303, 304 

" , kilns, 305 

■ , Keiehenecker's ma- 

chine for clay tubes, 308 

bricks, properties of, 313, 316 

— - .machines and kilns for, 

320 

, moulding of bricks, 318 

, moulding rooting tiles, 

327 

I , preparation of the clay 

for, 316 

, appendix to, 276 

, blue bodies, 277 

, l)o<ly, 270 

, l)rown, or chocolate, 276 

j . drab colored, 276 

, Egyptian black, 277 . 

, rmied glazes, 295 

, jasper IxKlit^s, 277 

, j^rinting colors, 295 

, raw glazes, 295 

, clicmical analysis of, 287 

, Hessian crucibles, 339, 3-10 

Ebelmen’s process for crystalizing artificial 
gems, 129 

Emerald, composition of the, glass, 129 
Enamel glasses and furnaces, 133, 136 
English (»r soli china Uxly, 2 HI 

— ^ , colors, 2 1 8 

j composition of, 217 

, glaze, 217 

Epsom .‘^alls, 4 1 3 

, analysis of, by Tlios. Richard- 
son, 4 1 5 

Erdmann's analysis of alum-shale, 155 
F. 

Faraday's experiments on optical glass, 107 
Fining, prfxje.^s of, in glass, 4U 
Fire-hricks, 343, 346 
Fire-clay, analysis of, 341 

, gas reUirls, 34 I, 343 

Fire-proof ware and clay, 338, 339 



INDEX. 


429 


Flint-glass, coraposition of, 26, 94 

— , crystals for, 93, 94 

• furnaces for, 96 

• , grinding and cutting of, 102 

, moulds for, 98, lUU 

, tubes, 103, 104 

Franck’s flattening* oven, Gl 
Fritting in glass-making, 38 
Fuel, consumption of, in lime-kilns, 3G5 

, for Imking porcelain, 240, 305 

■ , for glass-making, 33, 34 

Fuller’s earth, 208 

Furnace for baking porcelain, 241,243 
for fine earthenware, 283 

— - ■ ■ for ordinary stone- ware, 2G5 
— see Kilns, 238 

Furnaces for glass-making, 34, 42, 43, 56, 
02,95, 9C, 133, 135,136,139 

G. 

Glass, historical, 13 

, analysis of the composition of, by 

Peligot, 20 

, annealing of, 72 

, aventurine, 137 

, Bessemer's method of casting, 89 

beads, 142 

, blowing crown glass, GS 

, blue, 121 

, Bijheminn ruby, 119 

, boring the, 147 

, lx)ttle, furnace for, 42, 45 
, broken, 33 

, bullion bar for crown-glass, GS 

cast glass plates as ventilators, 145 

■ , Chance s jjrocess for making croM'n, 

02, 83 

, classification of the varieties of, 22 

, colored, 1 13 

, composition and mechanical opera- 
tion of, making bottle, 4G 

, composition of ruby, topaz, emerald, 

sapj)hire, amethyst, 129 

, composition of Ixjttle, 23, 20 

, composition of Hint, 26,94 

, composition of smalt for, 124 

, c()i)pering of, MU 

, crown, 52, 02 

, crystal, 94 

> crystalizing, by Mr. Ebelmen’s pro- 
cess, 130 

, devitrification of, 20 

~ 'i durability and dilflculty of fusion of, 
18 

, etching in, 143 

i faults in, 41 

, fining, process of, 40 

— flint glass furnace, 95 

, fritting of, 38 

— , fuel for, 33 

, furnace for crown, 02, 65 

, furnaces for, 34, 42, 43, 109 

— , fusion of the, 125 


Glass-gall or sandiver, of, 39 

, gilding of, 139 

, green, with copper, 120 

-, grinding and cutting of flint, 102 

, grinding and washing of the smalt 

for, 12G 

, Hartley's process for flattening sheet- 

glass, 59 

, Hold furnace for, 42 

, hyalith or jasper, 127 

, incrustations in, 139 

, influence of constituents on the nature 

of, 15 

— , insertion of sheet-glass into the an- 
nealing kilns, 71 

, kalNschiiren, 41 

, Kuhl man's process for soluble, 150 

, materials for the making of, silica, 

sand, potash, soda, lime, lead, barytes, 
vitrifiable minerals, 27, 33 

, moulds for pressing, 90 

, medicinal-glass, window-glass, plate- 

glass, white-glass, crystal flint glass, strass, 
and enamel, 25, 26 

, metallic letters fixed on, 146 

, melting of, 38, 30 

mirrors, silvering of, 92 

, marvering and moulding of crown, 

65 

, mosaic, 138 

moulds, lOl, 102 

, mixed colors in, 127 

— , mixture of ingredients compared with 
the composition of the, 17 

, nature and properties of, 14 

, on the coppering of glass, porcelain, 

and earthenware vessels, 140, 141 

, opaline or opalescent, 134 

, optical, 105 

, Faraday's experiitkents on, 107 

, Guinand and Bonlemps pro- 
cess for, 1 < >9, 113 

, painting and enamel on, 134 

, plate, easting of, 78 

, platinizing, by LudersdortTs metho<l, 

141 

, polishing of plate-glass, 83, 89 

, jKJts for the making of, 35 

, pre})a rations of the materials for 

making of, 37 

, red, with goKl, 116 

, retl, with oxide of iron, 114 

, red, with sul>oxule of copper, 114 

, reticulalo<i. Ml 

, roasting, the ores for, 122 

, ruby. 1 17 

Glass sand of Pittsfield, 28 
Glass, sheet, furnace for, 50 

, flattening of, 56, 60 

, silvering of, MO 

smalt, zaflre, 121 

, spinning, 143 

, tough state of fluidity, 19 

, lube-drawing, 51 
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Glass, tubes of flint-glass, 103 

, waves in the, 41 

, window, properties, production of, 

54 

, yellow, with manganese, 120 

, yellow, with antimony, 114 

, yellow, with uranium, 114 

Gilding glass, 139 

firing the colors for, and for 

porcelain, 254 
Green glass, 120 

Green vitriol, production of, 181, 188 
, composition of, 185 

Gregson’s patent for the manufacture of 
sulphate of iron, 182 
Grinding and cutting flitit-glass, 102, 126 
Guinand and Bontemps' ])rocess for optical | 
glass, 1 09. 1 1 3 ; 

Gypsum, of, 400 ' 

, calcination of, 403, 407 i 

, evils attending the calcination, 407 ! 

, mode of burning. 404 I 


Kilns for bricks, open, 330, 332 

for earthenware (fine), 282 

(common), 296 

(ordinary), 305 


, temperature of the, for porcelain, 

249 

, for lime, 357-365 

, for ordinary stone* ware, 265 

, packing the, for porcelain, 248 

Kuhlmarm's process for soluble gla»s, 150 


L. 


-, moulds, 408 

preparation of casts for, 407 
-, properties of, 402 
— , stucco, hardening or setting, 410 


H. 

I 

Hard china, composition of, 220 
Hartley (Mr.) process for fialtening slieet 
glass, 09 ! 

Henschel's brick kilns, 329 ’ 

Hessian crucibles, 339 
Higaerilxittoin (John) analyses of blue clay, 
207 

Hohl glass, furnace for, 42 

, white, and composition of, 50 

, rneclianical ojicrations for M'liite i 

bottle, 5 U ! 

Hyaliih or Ja.sper glass, 127 
Hydraulic lime, action atid character of, 
37S ; 

j silica, 384 

action of alkalies, 386 

^ Hydraulic limestones, composition and pro* I 

perlies of, 379, 383 i 

Hydraulic fre.sco-painting, 400 j 


Lampadius's analysis of alum-shale from 
Sielida, 154 

Lead in the composition of glass, 31, 93 
Lefijrt's investigation of the composition of 
di/ferent kinds of copperas, 188 
Lime, action of foreign substance upon, in 
the kiln, 309 

, application of, 348 

, burnt, 308 

, burning, clieniical process, 350 

, dead burnt, 309 

, hydraulic composition of, 378 

, inlluence of air upon burnt, 371 

, in the arts, importance of, 347 

■, in the composition of glass, 15, 31 

, kilns, 357, 365 

. consumption of fuel, 3»05 

, action of aquwus vtijtor in 

the, 30t5 

, manufacture of pure carbonate of, 

372 

Limestone, 345, 351 

, chemical composition of, 351, 

355 

, of common limestones, granular, 

conifiact, bre.scia, marl, siliceous, stinck- 
slone. or fetid, 349 

Lime, limc-sione, chalk, coarse, calcareous 
tufa, .stalactites, .stalagmites and dolomites, 
349, 351 

Lime, American, note on, 355 
, slaking of, 37U 

Ludersdorlfs melhod for platinizing glass, 
141 


M. 


I. 

Incrustations in gia.ss, 139 

Jasper-glass, 127 

Jigger used in England, 230 

K. 

Kaolin, locality of, 220 

, or porcelain clay, 190 

, or China eday, 204, 219 

Karsien s analysis of alum shales, 155 
Kilns for poretdain, 241, 242 

, wntraction of porcelain in the, 250 

5 firing the, for fxircelain, 248 


; Magnesia, analy.sis of, by Berthicr, 412 

, analysis of, by Th. Richardson, 

j 353 

I J caUaireo carlxmates of, 413 

, carlKinalc of, native, 417 

, from sulphate, 417 

, from magnesian lime- 
stone, 4 1 8 

, limo.stone (dolomite), 412 

, silicate of, 419 

, sulphate of, natural solutions, 

413 

from magnesian lime- 
stone, 414, 416 
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Magoun’s improved glass mould, 

Marver, in bottle-glass making, 46 

, in crown glass making, 65 

Medicinal glass, composition of, 24 
Meerschaum, 420 
Mirrors, silvering, 92 

■ ■■.— - , Drayton’s process for, 93 

Mortar, absorption of carbonic acid, 374 

, causes of setting, efflorescence, 374, 

377 

, conditions of hardening, 372 

, mixture of, and time required for 

setting, 374 

■ , of ordinary, 372 

, practical remarks on, 392 

Mould marks, how avoided, 70 
Mosaic glass, 1 38 

pavement, and inlaid paving tiles, 

272 

0 . 

Optical glass, 105 

, difficulty attending the produc- 
tion of, 106 

Oschatz and Wiichter, microscopic observa- j 
tions on porcelain, 219 
Oxide of lead in glass, 14 I 

P. 

Painting and enamel on glass, 134 

— on porcelain, 252 i 

Peligot, analysis of glass, 20 | 

Pipes, the clay for, 291 

, clay for, or tubes, 307 

, disposition of the furnai c, and burn- 
ing of, 292 

, forming body of, 291 

Pipes and potter's clay, 206 
Plate-glass, composition of, 25, 73 

, annealing of, 82 

, Bessemer’s method of casting, 

89 

, casting of, 8 1 

, furnace for, 75 

, historical, 73 

, polishing, 83, 89 

Porcelain furnace, 240, 243 

clay or kaolin, 1 96 

, baking in seggars, 247 

, baking of, 238 

, chalk, gypsum, broken, 222 

■ classification of^ 2 1 1 
, composition of the paste of, 224 

— , composition of true, 220 

, contraction of the in the kiln, 250 

, crude materials for, 220 

, density and chemical composition 

of, 251 

, drying the paste by absorption, 

by presses, and atmospheric pressure, 224 

■■ earth, 204 

, English, 214, 216 


Porcelain, firing the kiln of, 248 

, forming the paste of, 226 

, furnaces or kilns for, 24 1 

, general remarks on, 255 

, glaze, 219, 236 

, microscopic observations on, by 

Oschatz and Wachter, 219 

, mills, the, 222 

, moulfling by pressure and cast- 
ing of, 232, 234 

, moulding in plaster moulds, 230 

, mouldering the clay for, 225 

, mixture of the paste of, 223 

, painting, gilding, firing and trans- 
parencies of, 252, 255 

, packing the kiln of, 247 

, preparation of the materials for, 

221 

, Reaumur's, 22 

, seggars for, 244 

— , temperature of the kiln for, 249 

, lender, 213 

, throwing-M'heel, finishir)g, the 

226, 228 

, treatment of the vessels after 

firing for, 250 

, true nature of the mass, 220, 

224 

, turning, and finishing, and dry- 
ing of, 234 

, use of gypsum moulds for, 229 

Potter's clay, composition of, 208 
Potash in the composition of glass, 28 
Pots, for making glass, 35 
Potteries, see stone- ware, 259 

, see earthenware, 274 

Puzzolana, clay as cement, 389 
Pyrites, the composition of, iron, 181 
Pyritous schist, composition of, 190 
Pyrometers, Wedgwood's, 249 

R. 

Ransome’s artificial stone, 397 
Reaumur’s porcelain, 22 
Red glass, 1 14 

Reichenecker's machine for clay tubes, 308, 
311 

Richardson's analysis of Epsom-salt, 415, 
416 

magnesia, 353 

Roman cement, 391 

— — — , practical remarks on, 392 

Rosin as fuel for melting glass, 34 
Ruby (glass), composition of, 129 
Riidersdorf s lime kilns, 363 

S. 

Sand in the composition of glass, 28 
Scanlan (Mr.), composition of alum liquors 
according to, 16*2 

Seggars, for porcelain, composition and form, 
245 
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Sheet*gtets, and lUmaea Ibr^ $6 
'■>' "> ' ■ '■ flattening of, fid, 60 
tSilicio add, 21 

Silvering of glaes, Drayton^s pfOcess, 93 
Smalt for colored glass, 121 
, composition of ih^ 124 
Soap-stone, 419 
Soda-glass, 28 

Soda in the composition of glass, 15 
Soluble glass, 147, 150 
Spence’s process for employing the residue 
of the pyrites, 182 
Stalactites and stalagmites, 340 
Stone-bricks, 335 

Stone, composed of clay, historical, the ob- 
ject, and the material, 311 
— , bricks and tiles, 312 

, properties, 313 

Stone ware, 2C8 
■ — , glazed, 270 

, kilns, 269 

■ ■ , unglazed, 271 

,211,258 

(line), the mixture and prepara- 
tion of the mass, 259 

■ the glaze, 261 

■ , forming, 263 

, m England and in Germany, 

267 

- H ^ (ordinary,) 262 

- — — , glaze, 266 

^ kilns for, 231 

, materials, 258 

- , throwing machine for, 264 

, Utzschneider’s ware, 261 

, varnished ware, 261 

Stone, Ransome’s artificial, 397 

, Buckweli's patent, 399 

, soap, 419 

Stove, or Dutch tiles, 298 


Straas aBiMdunoI, ooippodtion oij 26 
Strontia, souro* oi) 423 
i manufhoniro of nitrata 424 

T. 

Terasson-Foug^ees’ briok-maohine, 920 
Tiles, Dutch, 298 

, firing, moulding, roofing, 327, 328 

— , pressed, glazed, light, colored, 334, 
335 

— , materials for, 313 
Tilghman’s process for deooiiposing salt, 363 
Topaz, composition of the glass, 129 
i Totten on mortars and cements, 395 

U. 

Ustulation of alum-shale, 161 
Utzschneider’s ware, 261 

V. 

Vitriol or copperas, 181, 189 

W. 

Wedgwood’s pyrometer, 249 

potteries, 259 

White-glass composition, 25 
Wiesmann's pro(‘ess for preparing alum, 179 
Wilson’s patent process for preparing alum, 
180 

Window-glass, composition of, 24 

— , properties and production 

of, 54 

Y. 

Yellow glass, 114 


THE END. 
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The publishers of the Eru'vcluiiasdia Americana conferred an obligation on tlie piiblie when, 
fourteen jreurs ago. they issued the thirteen volnmes from their press. They contained a wonder- 
fn! amount of information, upon almost every iubjecl wliich would be likely to occupy public 
attention, or be the theme of converaation in the prirate ciirle. Whatever one would wirti to 
inquire about, it seemed only necessarj' to dip into the Encyrlopa'dia Ainenrann, and there Ihe 
outline, at least, would lie found, and reference made to those works which treat at large upon the 
Bubject. It was not strange, therefore, that the work wa.s popular. But m fourteen yean, great 
events occur. The last fourteen years have been full of them, and great discoveries have lieon 
made in sciences and the arts ; and groat men have, by death, commended their nnmes ami deeds 
to the fidelity of the biographer, so that the Encyclopaeilia that approachml ]>erfection in 1K12, 
might full considerably behind in lBt6. To bring up the work, and keep it at the pri^!<ent iMant. has 
been a task assumed by Fnifessor Vetbake, of the rennsylvanm niiivcrsily, a gimtleiiinn entirely 
ewnpetent to suck an undertaking; and with a disposition to do a giMxl work, he lias supplied a 
•npplenientary vidume to the main work, corresponding in size and arntngement.s therewith, and 
becoming, indeed, a fourteenth volume. The author has been exceedingly industrious, and very 
fartuoate in discovering and selecting material.^, using all that Germany has presented, and resort- 
ing to eveiy species of information of events connected w'lth the plan of the work, since llie pub- 
lication of tho thirteen volumes. He has continued articles that were commenced in that work, 
and added new articles upon science, biography, history, and geography, so as to make the jiresent 
votame a necessary appendage in completing (acts to the other. Tlie publisherH deserve the 
thanks of the readers of the volume, for the handsome type, and clear white paper they have used 
in the publicatimL*'— Wed States Gazette, 

** This volume is wwlii owning by itself, as a most convenient and reliable oompend of recent His- 
tory, Bingrai^, Statistica, &c., Ac. The entire work forms the cheapest and probably now Ukt 
most desirable Eni^clopiBdia pubUsbed fur popular use.”— iVew York TVitene. 

** The CoBSiiniations I.exicon (Encyclopedia Aniencana) has become a household book in all the 
intelligent fiunilies in America, and is undoubtedly the best depository of biugrapliioal, historical, 
geographical and poUtipai infbnnaliun of that kmd wiledi discriminuting readers rsquire.”— 6'd/i- 
wuu's JwrmU. 

‘‘This volume of the Encyclopedia is a Westminster Abbey of American reputation. Wiiat 
names are on the roll since 1833 Y. IMenry World. 

“ The work to whidilhis volume forms a anpplemant, ii one of the most important eontnauitons 
that hn ever been made to the iitemton of our oonntry. Besides condensing into a compara- 
tively nanow pompam, the substance of laiiir works of the same kind which had preceded it, it 
contains a vast amount of information that is not elsewhere to be fimnd, snd is distinguished, nut 
less for its admfaible arrantement, than for tiie variety pfsubjects of which it treats. The present 
vidinne, whtdi is aditad by om of the most distingnished schdan of eor country, is worthy to 
follow in the train of those whidi have preeeded it It is a ranarinbly folisttous condeiisatinn 
of tba more recent irnprovpmsnta in apience and the arts, besides forming n vary important addi- 
tiMlothidapaitawat of Bfogfaplty, the general progrem of aoeiety, Attony Aryut. 



LEA AND BLANCHARD’S PUBLICATIONS. 


CAMPBELL’S LORD CHANCELLORS. 

NOW COMPLETE. 


LIVES OF THE LORD CHANCELLORS AND KEEPERS OF THE 
GREAT SEAL OF ENGLAND, 

FROM THE EARLIEST TIMES TO THE REIGN OF KING GEORGE IV., 

By JOHN LORD CAMPBELL, A.M., F.R.S.E. 

Complete in seven neat volumes in demy octavo, extra clqth. 

Bringing the work to the death of Lord Eldon^ in 1838. 

rt in lafficient for us to thank Lord Campbell fur the honest industry with which he has thus ftct 
prosecuted his large tusk, the ^enenil candor and liberality with which he has analyzed the lires 
and characters of a long snccessain of influential magistrates and ministers, and the manly atyle 
of his narrative. We need hardly say that w'e shall expect with great interest the contiiraation 
of this performance. But the ji resent senes of itself is more thnn suiCcient to give Jxird Campbell 
a high station among the Eughsli auth(»rs of his age.” — Quarterly Review. 

" 'I'he volumes teem with exoiiing inculeiits, abound in portraits, sketches and anecdotes, and are 
at once interesting and instructive. I'he work is not only historical and biographical, but it is 
anecdotal and philosopliical. Many of the chapters embody thrilling incidents, while as a whole, 
the publication may be regarded as of a higli intellectual order.” — Inquirer. 

“A work m three handsome octavo volumes, which we shall regard as both an ornament and an 
honor to our library. A History of the Lord Chancellors of England from the institution of the 
oiRce, is necessarily a lli.slory of the Constitution, the Court, and the Jurisprudence of the King- 
dom, and these volumes teem with u world of collateral matter of the liveliest character for the 
general reader, a.s well as w'lth much of the deepest interest for the professional or philosophical 
mind.”-- 6'fliurf/uy Courttr. 

”7'he hrilliant success of this work in Et^land is by no means greater than its ments. It is 
certainly the must bnlliaut contribution to English history made within our recollection ; it has 
the charm and freedom of Biography combined with the elaborate and carafbi comprehensiveiietgi 
of Ili8toiy,”--Ar. Y. Tribune. 

MURRAY’S ENCYCLOPJIDIA OF GEOGRAPHY. 
THE ENCYCLOP/EDIA OF GEOGRAPHY, 

COMPKISINa 

A COMPLETE DESCRIPTION OF THE EARTH, PHYSICAL, 
STATISTICAL, CIVIL AND POLITICAL. 

EXIIIBITINO 

ITS RELATION TO THE HEAVENLY BOPIES, ITS PHA SICAL STRUCTURE, THE 
NATURATi IltS'ruHY OF EA('H COUN TRY, AND THE INDUSTRY, 
COMMERCE, POI.ri’ICAL INSTITUTIONS, AND CIVIL 
AND SOCIAL STA'I'E l)F ALL NATIONS. 

BY HUGH MURRAY, P.R.S.E., &c. 

Assisted in Botany, by Professor IIOOKIHI— Zoology, Ax., by W, W. SWAINSON— Astronomy, Ac., 
by iWessor WALLAC£--Geology. Ac., by Professor JAMESON. 
RKVISBD,WITH ADDITIONS^, 

BY THOMAS G. BRADFORD. 

THE WHOLE BROUGHT UP, BY A SUPPLEMENT, TO 1843. 

In three large octavo volumes, 

VARIOUS STYLES OF BINDING. 

This great work, furnished at a remarkably cheap rate, containa about 
Nineteen Hundred large imperial Pages, and is illustrated by Eiohty- 
Two SMALL Maps, and a colored Map of the United States, after Tan- 
ner’s, together with about Eleven Hundred Wood Cuts executed in the 
best style. 




LEA AND BLANCHARD'S PUBLICATIONS. 


STRICKMND’S QUEENS OF ENGLAND. 


A NEW AND ELEGANT EDITION 

OP 

LIVES OF THE QUEENS OF ENGLAND. 

FROM THE NORMAN CONQUEST; 

WITH ANJXaX)TJES OP THEIR COURTS, NOW FIRST PUBLISHED FROM OFFICIAL 

RECORDS AND OTHER AUTHENTIC DOCUMENTS, PRIVATE AS WELL AS PUBLIC. 

NSW EDITION, WITH ADDITIONS AND CORRECTIONS. 

BY AGNES STRICKLAND. 

Forming a handsomo cteiies in crown nctnvo. Iicnntifullr printed with lar^e type on fine paper, done 
op in rich extra crimson cloth, uud sold ut u choupor rate than funner editions. 

Volume One, of nearly seven hundred large pages, containing Volumes 
One, Two, and Three, of the duodecimo edition, and Volume Two, of more 
than six hundred pages, containing V’^olurnes Four and Five of the 12mo., 
have just been issued. The remainder will follow rapidly, two volumes in 
one, and the whole will form an elegant set of one of the most popular his- 
tories of the day. The publishers have gone to much expense in pre- 
paring this from the revised and improved London edition, to meet the fre- 
quent inquiries for the “ Lives of the Queens of Ehigland,” in better style, 
larger type, and finer paper than has hcrci(>fore been accessible to reauers 
in this country. Any volume of this edition sold separately. 


A few copies still on hand of the Duodecimo Edition. Ten volumes arc 
now ready. Vol. I. — Contains Matilda of Flanders, Matilda of Scotland, 
Adelioia of Louvaine, Matilda of Boulogne, and Eleanor of Aquitaine. 
Price 50 cents, in fancy paper. Vol. II. — Berengaria of Navarre, Isabella 
of Angouleme, Eleanor ol Provence, Eleanor of Castile, Marguerite of 
France, Isabella of France, Philippa of Hainault, and Anne of Bohemia. 
Price 50 cents. Vol. III. — Isabella of Valois, Joanna of Navarre, Katha-' 
rine of Valois, Margaret of Anjou, Elizabeth Woodville, and Ann of War- 
wick. Price 50 cents. Vol. I V. — Elizabeth of York, Katharine of Arragon, 
Anne Boleyn, Jane Seymour, Anne of Cleves, and Katharine Howard. 
Price 65 cents. Vol. V. — Katharine Parr and Queen Mary. Price (Jf) cents. 
Vol. VI. — Queen Elizabeth. Price 05 cents. Vol. VIJ. — Queen Elizabeth 
(continued), and Anne of Denmark. Price 65 cents. Vol. VIII. — Henrietta 
Maria and Catharine of Bratranza. Price 65 cents. Vol. IX. — Mary of 
Modena. Price 75 cents. Vol. X. — Mary of Modena (continued), and 
Mary II. Price 75 cents. 

Any volume told eeparatcly, or the whole to luatcb in neat green cloth. 

JUST PUBLISHED 

voXmUMe tzsk: 

CONTAINING 

MARY OF MODENA, AND MARY 11. 

Price 75 cents in fancy paper. — Also, in extra green cloth* 

Tlicse volumeK have the faecination of a romance nnited to the mtugrity of btslory.^'-^T^mes. 

“ A most valuable and entertaining work.”— CArwiicte. 

“ This interesting and well-written work, in which the severe truth of hwlory takes almost the 
'wiUlness of romance, will constitute a valuable addition to our biographical literature.”— A/omioji 
Herald. 

“A valuable contributioii to historical knowledge, to young persons especially. It contains a 
mass of every kind of historical matter of interest, which indii<(iry and research could collect. VV'e 
have derivea much entertainmeiit and instruction from the work.'— At/iemeum. 

”The execution of this work is equal to (he conception. Great pains have been taken to make 
it both interestingand valuable.”— Z^ierory Oazette. 

“ A charming work— foil of interest, at once serious and pleasing.”— Afmuieur Guizot. 

“A most charming biographica] memoir. Wo conclude by expresmng our oiiqualtfied opinion, 
that we know of no more valuable contribution to modem history than this ninth volume of Miss 
biricklaud’s lives of the Queens.”— Afoming Herald. 




LEA AND BLANCHARD’S .PUBLICATIONS. 

ROSCOE’S LIVES OF tHE KINGS OF INGLAND. 

TO MATCH MISS STRICKLAND’S “QUEENS.” 

VOLUME ONE, CONTAINTNO THE 

LIFE OF WILLIAM THE CONOUEROR. 

In neat royal duodecimo, extra cloth, or fancy paper. 

“The historical reader will find this n work of peculiar interest. It displays throughout the 
most pains-taking raeearnh, and a style of narrative which has all the lucidity and strength of 
Gilihon. It is a work with which, shedding such a lirfit as we are justified in saying it will do 
upon English history, every library ought to be provided.”— -Sunday Times. 

MEMOIRS OF THE LOVES OF THE POETS, 
Biographical Sketches of Women celebrated in Ancient and 
Modern Poetry. 

BY MRS. JAMIESON. 

In one royal duodecimo volume, price 75 cents. 


FREDERICK THE GREAT. HIS COURT AND TIMES. 

EDITED, WITH AN INTRODUCTION, BY THOMAS CAMP- 
BELL, ESQ.. AUTHOR OF THE “PLEASURES OF HOPE.” 
Second Scries, in two duodecimo volumes, extra cloth. 


HISTORY OF CONGRESS, 

EXHIBITING A rT.ASSlFlCATION OF THE PROCEEDINGS OF THE SEN.\TE AND THE 
HOUSE OF kKl’RKSKNTATlVES. FROM 1789 TO 1793. EMBRAriNG THE FIRST 
I'ERM OF Till: ADMINISTRATION OF GENERAL WASiUNGTON. 

In one large octavo volume of over 700 pages, price only $1.50. 


MOORE’S IRE&A ND-W OW COMPLETE. 

THE HISTORY OP IRELAND, 

FROM THE EARLIEST KINGS OF THAT REALJI DOWN TO ITS LATEST CHIEFS. 

In two octavo volumes, extra cloth. 

Mr ^tnorc has at length cunipleted his IIistor>' of Ireland contuiiiiiiir the most troubled and mter- 
fstmg juTiiids thnnish whudi it has passed. Tlutse who have piKsses-sed thoniselves of the work us 
lor as Itio Great Expedition against Scotland in 1M.5, can procure the second volume separate. 


HISTORY OF THE WAR IN FRANCE AND BELGIUM IN 1815, 

CONTAINING MINUTE DETAILS OF THE BATTLES OF QUATRE-BRAS, LIGNY, WAVRE 
AND WATERLOO. 

BY CAPTAIN W. SIBORNE. 

In one octavo volume, with Maps and Plans of Battles, &c., viz.; 

1. J’nrt, of Belgium, indicating tlie distribution of the armies on commencing hostilities. 2. Field 
of yuatre-Bms, at 3 o'clock, F. M. 3. Field of Quiitre-Bras, at 7 oVl(K‘k, P. M. 4. field of Lignv, 
at a quarter past 2 o’clock, P. M. 5. Field of Ligny, at hal i past 8 o’clock, P. M. 6. Field of \\ ater- 
loo. at a quarter past 11 o’clock, A. M. 7. Field of Waterloo, at a (quarter liefoi-p 8 o’clock, P. M. 
a Field of Waterloo, at ti minutes past 8 o’chwk, P. M, 9. Field of Wavre, at 4 o’clock, P. M.. 18th 
June. 10. Field of Wavre, .at 4 o’clock, A. M., 19th J^le. 11. Part of France, on which is showa 


the advance of the Allied Annies into the Kingdom. 


TBZT BOOK OF BCCIiBSIASTICAI. HXSTORK. 

BY J. C. I. GIESELEK, PROFESSOR OF THEOLOGY IN GOTTINGEN. 'J’RANSLATED 
FROM THE THIRD GERMAN EDITION, BY F. CUNMNGHA.AL 
In three octavo volumes, containing over 1300 liu^e pages. 


EIiXSMBNTS OF XJXXIVBRSAIa HXSTOR7, 

ON A NEW and SYSTEMATIC PI-AN, FROM THE EARLIEST TIAIES TO THE TREATY 
OF VIENNA, TO WHICH IS ADDED A SUMMARY OP THE LEADING 
EVENTS SINCE THAT PERIOD. 

BY H. WHITE, B.A. 

SIXTH AMERICAN EDITION, WITH ADDITIONS 
by JOHN S. HART, A.M. 

In one large royal 12mo. volume, neat extra cloth. 




LEA AND BLANCHARD’S PUBLICATIONS. 


GRAHAME’S COLONIAL HISTORY, 


HISTORY OF THE UNITED STATES. 

FROM THE PLANTATION OF THE BRITISH COLONIES 
TILL THEIR ASSUMPTION OF INDEPENDENCE. 
SECOND AMERICAN EDITION, 

ENLARGED AND AMENDED, 

WITH A MEMOIR BY PRESIDENT QUINCY. 

IN TWO LAKGE OCTAVO VOLUMES, EXTRA CLOTH, 

WITH A PORTRAIT. 

This work hnying assumed the position of a standard history of this 
country, the publishers have heeu induced to issue an edition in smaller size 
n?)d at a less cost, that its circulation may be commensurate wj^h its merits. 
It i.s now rorisidered as the most impartial and trustworthy liistory that has 
yet appeared. 

A lew copies of the edition in four volumes, on extra fine thi'd; jiapcr, 
price eight dollars, rnny still be had by gentlemen desirous of procuring a 
beoutiful work for their libraries. 

“ It I'S Miuvervsillv loiriwn In literary men us, in its oriiMunJ form, one of tlm rnrlmst hixtorirs of 
tills niimiry, niul ('rriumiy (<u<* of tlm liosi e'<*r 'vniU’U I'v ;i forotirio'r !t li:is tict’ii foiisiiuiilv aiiti 
ropiou.'.ly used by every ojie wiu) has, aiuce its a|»i«;araiire, uiid«*ria'vt!ii ilie liiMorv of tins coiiiiirv 
III the course ol the memoir prefixed lo it, it is vindicated from ttic si^'erMouiiVasl on it liv .Mr. 
lijumrop . \viio, iiRvertheless, hius derived from it a va.si amount of ilie mformatmn mid ilocutm n'arv 
imitenai of iiwown amniiious, utdo aud cxieiidec) woik. It is issued m two viduiues, and cauiioL 
fan to find Its way to every library of any pretensions — A’rw Pbr/t Courier and Knqmrtr. 

COOPER’S NAVAL HISTORY. 

HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA, 

BY J. FENIMORE COOPER. 

THIRD EDITION, WITH CORRECTIONS A.ND ADDITIONS. 

(aiiiiplctft, two volumt^ in one, neat extra clotli, 

With a Portrait of the Author, Two Maps, and Portraits of Paul Jones, Hainbridge, 
Dale, Prebee, Decatur, Porter, Perky, and McDonough. 

WRAXALL’S HISTORICAL MEMOIRS. 
HISTORICAL MEMOIRS OF MY OWN TIMES, 

BY SIR N. W. WRAXALL. 

■Ht 

ONE NEAT VOLUME, EXTRA CLOTH. 

WRAXALL’S POSTHUMOUS MEMOIRS. 
POSTHUMOUS MEMOIRS OF HIS OWN TIMES, 

BY SIR N. W. WRAXALL. 

IN ONE VOLUME, EXTRA CLOTH. 

This w<irk contains much secret and amusiiiff anecdote of tlie prominent personaires of the day, 
which rendered it* posthumous publication necessary. 



LEA AND BLANCHARD’S PUBLICATIONS. 


WALPOLE^S LET TERS AND MEMOIRS. 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

CONTAINING NEARLY THREE HUNDRED LETTERS. 

NOW FIRST PUBLISHED FROM THE ORIGINALS, AND FORMING AN UNINTER- 
RUFI ED SERIES FROM ITJS TO 1797. 

In four large octavo volumes, with a portrait of the Author. 


SUPPRES SED LETTERS. 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 
TO SIR HORACE MANN, FROM 1760 TO 1785. 

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS. 

In two octavo volumes, to match the above. 


WALPOLE’S G EORG E THE THIRD. 

MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD, 

BY HORACE WALPOLE. 

NOW FIRST PUBLISHED FROM THE ORIGINAL MSS. 
EDITED, WITH NOTES, 

MARCH ANT. 

These MenuHi-s comprise the first twelve years of the reipm of Georjre 111.; ami recommend 
tluMiiselves especoilly t«i the rciwlcr m thiscutmtry, uscoulaimuK an account of the early tr»m!»le» 
with America. 'I'licy form a sequel to the “Memoirs of George the Second,” by tlie same autJior. 

BTovniTN Fs"^^ 

HISTORY OF THE HUGUENOTS— A NEW EDITION, 

CONTINUED TO THE PRESENT TIME. 

BY W. S. BROWNING. 

In one Imge octavo volume, extra cloth. 

“ One of the most interesting ami valuable contributions to modem history.”— Gcnllmcn’i AfodO- 
zme. 

“ Not the least uileresting iKirliou of the work has reference to the violence and persecutions 
of 

INGERSOL L’S L ATE WAR. 

HISTORICAL SKETCH OF THE SECOND WAR BETWEEN 
THE UNFIED STATES OF AMERICA AND GREAT 
BRITAIN, DECLARED BY ACT OF CONGRESS, 

JUNE 18, 1812, AND CONCLUDED BY 
PEACE, FEBRUARY 15. 1815. 

BY CHAI.RX.i:S J. XITGERSOZ.!.. 

One volume octavo of 516 pages, embracing the events of 1812 — 1813. 
Beautifully printed, and done up in neat extra cloth. 

R 'u7h’ sl 0 

MEMORANDA OF A RESIDFNCI AT THE C0!'RT OF LONDON, 

rOMPHISI.N’G INCIDENTS UFFICIAI. AND TERSONAU FKl'M IS!'.) ’10 1^23; 

IlfCLUDlNO SWiOTlATIONh uN THE OREOoN UIMSTION, AND OTHKR UNSETTLED REI.ATIONS 
DCTWKKN TIfB UNITED HTaTKS AND UREAT RK'TAIN. 

BY BlOHilHB RUSH, 

Envoy Extrmmlinary anil MimsteT PltfiiiiHiienimry from llie United States, from iJl7 to 1825. 

In one large and beautiful octavo volume, extra cloth. 





LEA AND BLANCHARD^S PUBLICATIONS. 

NIEBU HR^S ROME, 

TKS KXSTO&T OF ROME, 

BY B. G. NIEBUHR. 

COMPLETE IN TWO LAROE OCTAVO VOLUMES. 

Done up in extra cloth ; or five parta, paper, price $1.00 each. 

The last three parts of this valu.able book have never before been published in this country, hav- 
ing only lately been printed m Germany, and translated in Kurland. 'I’he two last of these com- 
prise Professor Niebulir’s Lectures ou the latter part of Koman History, so loiii; lo.st to the worhl. 

“ It is an unexpected surpn.se and pleasure to the admirers of I^iebuhr— that is, to all eame.sf stu- 
dents of ancient lii.st<jr>’ — recover, as from the grave, the lectures Ixjfore rtic Ret'uu). 

“I'hc worid lias now in Niebulir an imj»eri.sliable model ." — Edmfmrifh Rtvtetv, Jan. IBll. 

“ Here wo close our remarks upon this memomble work, a work which, of all t luit have appeared 
jn our aire, is tlie be.st fitted to excite men of leaniiiifr to intellectual activity ; from which Llie nio.st 
accorapli.shtHl scholar may gather fresh stores of kiiowlctlge, to which the nio.st experienced [loliti- 
cian may resort for theoretical and practical instruction, and w hicli no person can read ns it cmplit 
to he read, without fceline: the better and more generous sentinieiits of lus common human nature 
enlivened and strengthen ^.” — Edinburgh Review. 

“ It is since 1 saw you that 1 have been devouring with the most intense admiration the third 
volume of xViebuhr. The clearness and comprehensiveness of all his military details is a new 
feature in that wonderful mind, and how inimitably beautiful is that brief account of 'I'erm.''— -Z^r, 
Arnold {Life, voL li.) 

PROFESSOR RANK E’S HI STORICAL WORKS. 

HISTOnV OP THE POPES, 

THEIR CHURCH AND STATE, IN THE SIXTEENTO AND SUVLN'I'EEN-l'H CENTURIES. 

BV I.EOPOI.D BANKB. 

TRANSLATED FROM THE L-VST EDITION OF THE OKRMAlt, BY W'ALTER K. KKLLY, ESQ., B. A. 

fn two parts, paper, at $1.00 each, or one large volume, extra cloth. 

“A book extraordinary for its learning and impartiality, and for its just and liberal views of the 
times It descnlies. The best complunent that ran be paid to Air. Ranke, is. that each side htis 
accused him of partiality to its opponent; the Gernian Pnitestants cumplaiimit' that lu.s work is 
written in too Catholic a spirit :~the Catholics declaring, that generally imparliai as he is, it is 
clear to perceive the Protestant tendency of the htstory.”— J/oadon Tmes. 


THR TURKISH AHD SFAHX8H BMPZRB5, 

IN THE SIXTEENl'H CENTURY AND BEGINNING OK THE SVIVEN’IEENTH, 

BY PROFESSOR LEOPOLD RANKE. 

TRANSLATED FROM THE LAST EDITION OF TIIK GERMAN, BY WALTER K. KELLY, ESQ, 

Complete in one pari, paper, price 75 cents. 

This work was published bv the author in connexion with the “History of the Popes,” under 
the name of “ t>over<'i(fn.s and Nations of Southern Kiirope, iti the Sixteenih’and Seventeenth Cen- 
turies,” It may be u.sed separate.y, or bound up with that work, fur winch purpose iw'o lilies will 
be found in it. 

HISTOR7 OF THR REFORMATION IN ORRMARTK, 

BY PROFESSOR LEOPOLD RANKE. 

PARTS FIRST, SECOND AND THIRD NOW READY. 

TRANSLATED FROM THE SECOND EDITION, BY SARAH AVSTIN. 

7b be completed in Five parts, each part containing one volume of the London edihon. 

Few modern writers po.ssess such qualifications for doing justice to so great a subject ns Leo- 
pold Ranke. — Indefatigable in exertions, he revels m the toil of examining archives and state 
papers; iionest m purjiose, lie shapes his theories from evidence; not like IVAubigne., wlnwe 
romance of the h’eformatiou selects evidence to supiiort preconceived theory, lluiike never forgets 
the statesman in the tlieulogiun, or the historian m the iiartisan.” — Athenwum. 

BHOTJQMAM ON THE FREHCH RElTOIiUTZOH. 

One volume 12mo., paper, price 50 cents. 


STUDIES OF THE LIFE OF WOMAN. 

FROM THE FRENCH OF MADAME NECKER DE SAUSSURE. 

In one neat 12mo, volume, fancy paper. Price 75 cents. 

THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF 
MANKIND BY WOMEN. 

FROM THE FRENCH OF L. AIME MARTIN. 

In one 12mo. volume, paper, price 75 cents ; or in extra cloth. 



LEA AND BLANCHARD’S PUBLICATIONS. 


SMALL BOOKS ON GREAT SUBJECTS. 

A SERIES OF WORKS 

WHICH DESERVE THE ATTENTIOI* OF THE PUBLIC. FROM THE VARIETY AND 
IMPORTANCE OF THEIR SUBJECTI’S, AND THE CONCISENESS AND 
STRENGTH WITH WHICH THEY ARE WRITTEN. 

They form a neat 18mo. series, in paiKjr.oratroiifrlydone up in three neat volumes, cxtjra cloth. 

THERE ARE ALREADY PUBLISHED, 

No. l.-PIIILOSOPHICAL THEORIES AND PHILOSOPHICAL EXPERIENCE. 

2. -ON THE CONNEXION BETWEEN I’HYSIOLOGY AND INTELLECTUAL SCIENCE. 

3. — ON MAN’S J’OWER OVER HIMSELF, TO PREVENT OR CONTROL INSANITY. 

4. -AN INTRODUCTION TO PRACTICAL ORGANIC CHEMISTRY, WTHI REFER- 

ENCES 'J O THE WTiRKS OF DAVY, BRANDE, LIEBIG, <tc. 

5. — A BRIEF VIEW OF OKEKK PlHl.njiUiTlY I P TO 'I IIE AGE OF PERICLES. 

6. — GREEK PHILOSOPHY FROM THE AGE OF SOCRATES TO I'HE COMING OF 

CHRIST. 

7. -CHR]S'i lAN DOCTRINE AND PRACTICE IN THE SECOND CENTURY. 

8. -AN EXPOSITION t)F VULGAR AND COMMON ERRORS, ADAPTED I’D THE YEAR 

OF GRACE MDCCCXLV. 

9. -AN INTRODUCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO 

'1 HE WORKS OF DK CANDOLLE, LINDLEY, Ac. 

10. -ON 'I’HE PRINCIPLES OF CRIMINAL LAW. 

11 .-CHRISTIAN SECTS IN THE NINETEENTH CENTURY. 

12.-THE GENERAL PRINCIPLES OF GRAMMAR. 

“ \A’e are glad to find that Messrs. Lea A Blanchard are reprinting, for a quarter of their original 
jirice, this admirable series of liltle hooks, which have justly attracted so much atlenliou m Great 
r.rilain. ’’—GroAam’s Magazine. 

“The vvnlcrs of these IhougUlfuI treatises are not labourers for hire ; they are men who have 
stood ajiart from the throng, and marked the movements of the crowd, the tendencies of society, 
its evils and its errors, and, meditating upon them, have given their thoughts to the thoughtful.”— 
TMtidon Clitic. 

“ A scries of little volumes, whose worth is not at all to be estimated by their sac or price. Tliey 
are written in England by scholars of eminent ability, whose design is to call the attention of the 
public to various important topics, in a novel and accessible mode of publication.”— N. Y, Morning 
News. 

MACKINTOSH’S DISSERTATION ON THE PROGRESS 
OF ETHICAL PHILOSOPHY, 

WITH A PREFACE BY 

THE REV. WILLIAM WHEWELL, M.A. 

In one neat 8vo. vol., extra cloth. 

OVERLAND lOURNEY ROUND THE WORLD, 

DURING THE YEARS 1841 AND 1842, 

BY SIR GEORGE SIMPSON, 

GOVERNOR-IN-CHIEF OF THE HUDSON’S BAY COMPANT’S TERRITORIES. 

In one very neat crown octavo volume, rich extra crimson cloth, or in two 
parts, paper, price 75 cents each. 

“A more valuable or instructive vvork, or one more full of perilous adventure and heroic enter- 
prise, we have never met with.”— JoAn Bull. 

“ It abounds with details of the deepest interest, possesses all the charms of an exciting romance, 
and furuislu* an immense mass of valuable information.”- inyt/rrer. 




LEA AND BLANCHARD’S PUBLICATIONS. 


PICCIOLA. 

ILLUSTR ATED EDITION. 

PICCIOLA, THE PRISONER OF FENESTRELLA; 

OR, CAPTIVITY CAPTIVE. 

BY X. B. SAIBTTINK. 

A NEW EDITION, WITH ILLUSTRATIONS. 

In one elegant duodecimo volume, large type, and fine paper; price in fancy covers 
50 cents, or in beautiful extra criuisun cloth. 

** Perhaps the roost beautiful and touclung work of fiction ever written, with the exception of 
Dndinc.” — Atlas. 

“ Thfi same publishers have sho\%'n their patriotism, common sense, and iroo<l taste by piittimr 
forth Uicir fourth edition of this work, with a set of very beautiful eiurruved emlxdlishmcnts. 'riierw 
never was a book which belter ileservetl the compliiueiil. 11 is one of irreiitly suiiorior inent to 
Paul and Vir{,niiia, and we believe it is destined to surpxss that popular work of St. I’icrre in jiopu- 
lariiy. It is better suited to the atlvanced ideas of the present aije, and possesses i‘eculi:ir moral 
charms in which Paul and Virginia is deficient. St. Pierre *s work derived its iMijtulariiv from its 
bold attack on feudal prejudices; Saintine’s strikes deeiwr, and assails the secret infuh'fity whicli 
IS the bane of modorn society, in its stronghold. A thousand editions of will not be loo 

many for its merit.”— iBook. 

“This is a little gem of its kind— a beautiful conceit, lH*autifully unfolded and applied. The .stylo 
and plot of this truly cliarmingstoiy require no criticism ; we will only expre.s.s the wi.sh iluit those 
who rely on works of fiction for their iutoUectuul food, may always find those as pure m l;mguaj;e 
and beautiful iu moral as Picciulu.’’ — Sew York Review. 

“The present edition is got up in beautiful style, with illustrations, and reflects cri'dit up<»n the 
nublishers. We recommend to those of our readers who were not fortunate enoinrh to nuu l with 
Ihcciohi some years ago, when it was first tnuisl.'ited. and for a season all the rage, to lose no lime 
ui procuring it now — and to those who read it then, but do not po.ssess a copy, to embrace the op- 
jiortuuity of supplying themselves from the present very excellent edition.”— Evening Rout. 

“ new edition of this exquisite story has recently been i.ssu('d by Mpftsrs Lea <t lUanchard, 
emVielUshed and illustrated in the most elegant manner. We undeiMand tliat tie- won; wits eoin- 
plelely out of fuiut, and a new edition will then be welcomed. It (xmtams a delmhUiil letttir tioia 
the author, giving a painful msiglit mto the personal history of the characters who figure m the 
hlory. "—Even:ng Bulletin. 

“ Tiie most charming w’ork we have read for many a dsiy. ''--Richmond Enquirer. 


LOVER’S RORY O’MORE. 


BO&V O’XCOBB-A XTATIOWAX. BOXSAKCB, 

BY SAMUEL LOVER, 

A new and cheap edition, with Illustrations by the Author. Price only 2;') cents. 

Also, a beautiful edition in royal 12mo., price 50 cents, to match the following. 

“A truly Irish, national, and characteristic story .” — London Literary Gazette. 

“ Mr. Lover has here produced his best work of fiction, which will survive wlicu half the Insh 
sketches with which the literary world teems are forgotten. 'I’he mterest we take m the varied 
adventures of Roiy is never once suffered to abate. We welcome him with high delight, and 
part fifom huu with regret.”— London Sun. 


LOVER’S IRISH STORIES. 

X.BOBWDS AWD STOBXBS OF XBBX.A1TS, 

BY SAMUEL LOVER. 

In one very neat 12mo. volume, fine paper, extra cloth or fancy paper, 

With Illustrations by the Author. 


LOVER’S SONGS AND BALLADS, 

INCLUDING THOSE OF THE “IRISH EVENINGS.” 

In one neat 12mo. volume, price 25 cents. 


IMIARSTON, 

OR THE MEMOIRS OF A STATESMAN AND SOLDIER. 

BY THE REV. GEORGE CROLY, 

Author of “ Salathiel,” “ Angel of the World,” die. 

In one octavo volume, paper, price fifty cents. 

A work of high character and absorbing interest.”- New Orleans Bee. 






LEA AND BLANCHARD’S PUBLICATIONS. 

BIOGRAPHY AND POETICAI^ REMAINS 

OF THE LATE 

DAVIDSON. 

BY WASHINGTON IRVING. 

A NKW EDITJON, KEVISLD. 

POETICAL REMAINS 

OF THE LATE 

ZiVCRDTIA MARIA DAVIDSON. 

CX)LLECTED AND ARRANGED BY HER MOTHER, WITH A BIOGRAPHY BY 
MltiS SEDGWICK. 

A NEW EDITION, REVISED 

SELECTIONS FROM THE 

WRITINGS OF IMRS. MARGARET M. DAVIDSON, 

THE MOTHER OF LUCHETIA AND MARGARET. 

WITH A PREFACE BY MISS SEDGWICK. 

The above three work*: are done up to match in a neat duodecimo form, fancy paper, price fifty 
c.enls each ; or in extra clotli. 

THE LANGUAGE OF FLOWERS, 

WITH ILLUSTRATIVE POETRY; TO WHICH ARE NOW ADDED THE 
C.ALENDAR OF FLOWERS. AND THE DIAL UF FLOWERS. 

SEVENTH AMERICAN, PROM THE NINTH LONDON EDITION. 

Revised by the Editor of the “Forget-Me-Not.” 

ph one vorj' neat 18iuo. volume, extra crimson cloth, pilt. With six colored Plates. 

CAMPBELL’S POETICAL WORKS, 

Till ONLY' COMPLETE AMERICAN EDITION. 

WITH A MEMOIR OF THE AUTHOR BY IRVING, AND AN 
ESSAY ON ms GENIUS BY JEFFREY. 

lu one beautiful crown octavo volume, extra cloth, or calf gill ; with a Portrait and 12 Plates. 

KEBLE’S CHRISTIAN YEAR, 

EDITED BY THE RIGHT REV. BISHOP DOANE. 

Miniature Edition, in 32mo., extra cloth, with Illuminated Title. 

RELIGIO MEDICI, AND ITS SEQUEL, CHRISTIAN MORALS, 

BY SIR THOMAS BROWNE, KT., 

WITH RESEMBLANT PASSAGES FROM COWPER’S TASK. 

In one neat 12mo. volume. 

HEMANS’S COMPLETE POETICAL WORKS, 

IN seven volumes, KOVAL 12.MO., rAPEK OR CLOTH. 

ROGERS’S POEMS, 

ILLUSTRATED, 

IN ONE IMPERIAL OCTAVO VOLUME, EXTRA CLOTH OR WHITE CALF. 




LEA AND BLANCHARD’S PUBLICATIONS. 


DICKENS’S WORKS. 

VABXOOS EDITIONS AND PRICES. 


CHEAPEST EDITION IN NINE PARTS PAPER, 

AS FOLLOWS: 

THE PICKWICK PAPERS, 1 large vol. 8vo., paper, price 50 cents. 
OLIVER TWIST, 1 vol. 8vo., paper, price 25 cents. 

SKETCHES OF EVERY-DAY-LIFE, Ivol. 8vo., paper, price 37 J cents. 
NICHOLAS NICKLEBY, 1 large vol. 8vo., paper, iirice 50 cents. 

THE OLD CURIOSITY SHOP, 1 vol. 8vo., iiaper, with many Guts, 
price 50 cents. 

BARNABY RUDGE, 1 vol. 8vo., with many Cuts, price 50 cents. 
MARTIN CHUZZLEWIT, 1 vol. 8vo., with plates, price 50 cents. 
CHRISTMAS STORIES.— The Cakol, The Chimes, The Cricket on 
THE Hearth, and The Battle of Life^ — together with Pictures from 
Italy, 1 vol. 8vo., price 37 i cents. 

DOMBEY AND SON, Part I., to be completed in Two Parts, price 25 
cents each. 

Furming a neat and uniform EdiUuu of these popular works. Any work sold separately. 


ALSO, 

A UNIFORM AND CHEAP EDITION OF 

DICKENS’S NOVELS AND TALES, 

IN THREE LARGE VOLUMES. 


THS 1TOVEX.S AKD TAX.ES OF CHABX.ES DICKENS, 

(BOZ,) 

In Three large and beautiful Octavo Volumes, done up in Extra Cloth, 

CONTAINING AUOUT TWENTY-TWO HUNDRED AND FIFTY LARGE DOURLE 
COLUMNED PAGES. 

PRICE FOR THE \\T10LE, ONLY THREE DOLLARS AND SEVENTY-FIVE CENTS. 

The fteriuont inquiries for a uniform, compact and pood edition of Hoz'n works, have induced the 
publish^^r.' til pre;)ar«^ one. which th*’y now olh-r at a price so low tiiat it should roinm.Tnd a very 
cxtfinled .sii’e, It is printed on fine white paper, with good tyjw, and forms tliree larpe volumes, 
.'iveraTiiisi iilmut sf \ ni hiiiidi'ed anil llfly parc-s each, done iif> in various stvles of extra cloth, making 
a hiauiifiil iii'i j’oitiihle eilition.— Some of the work.s are illuNtrated with Wood Kneranntis. 

'Pius Lililion Coiiiiin heads tlie first seven parts, iuid will he cornpleled with the iKsue of the 
Fourtii Volume, on the i-oiiipletioii of “ I lonihey and .Son.” now in procrevs of puhliralioii, coii- 
ttimiiiK thftf work, the “ Christ mas Slones,” and” Pictures from Italy.” Purchasers may thus rely 
on heiiig^ able to iicrfecl their sets. 

ALSO, AN EDITION PROFUSELY ll.LUSTRAl'ED WITH 

ONE HUNDRED AND THIRTY -FOUR PLATES, AND ONE 
HUNDRED AND FORTY WOOD-CUTS. 

in Imperial octavo, extra cloth, on fine white paper. 

tl^The above are the only Complete and Uniform Editions of Dickens’s Works now 
before the public. 


NOW PUBLISHING, 

SOXHEBEY AND SON. 

riNK EDITION. 

In twenty numbers, price 8 cents each, with two illustrations by Hablot 
K. Browne in each number. 

TIu» i* the only edition wluch presenU the plate* accompanying the text to which they relor. 



LEA AND BLANCHARD’S PUBLICATIONS. 


SELECT WORKS OF FIELDING AND SMOLLETT, 

Printed in a neai an.! unifonu style, to match the cheap ediiion of Dickeub's Works. 

SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEiMOlll OF HI.S LIFE AND WRITINGS, 
BY SIB WALTEK SCOTT. 

Tins EDITION contains; 

THE ADVENTt'RES OT-' RODERICK RANDOM. Price twenty-five cents. 

THE ADVENTURES OK PiiREGRlNE JMCKI.E. Price fifiy cents. 

THE EXPEDITION OF HU.MPliREY CLINKER. Price twenty-five cents. 

THE ADVENTURES OK KJ:RD1NAND COUNT FATHOM, i’nce tweijfy-five cent*. 

THE ADVEN'intES OK SIR LAUNCl’:i,OT GREAVES, THE HISTORY AND ADVE?mJRES 
OF AN ATOM. AND SELECT POEMS. Price twenty-five cents. 

Or, the wliolu done up in one very large octavo volume, extra cloth. 

S E L E C T^fiTTfr DING, 

WITH A MEMOIR OF IIIS LIFE A ND W RITINGS, 
BY SIR W ALTER SCOTT, 

AND AN ESSAY ON HIS LIFE AND GENIUS, 

BY ARTHUR MURPHY, ESQ. 

THIS EDITION CONTAINS*. 

TOM JONES, OR I’HE IHS'KORY OF A FOUNDIA.NG. Price fiPy cents. 

THE ADVENTURES OF JOSEPH ANDREWS, AND lilS FRIEND MR. ABRAHAM ADAMS. 
Price fifty cents. 

AifELlA. Price twenty-five cents. 

'I’ilE LIFE OF JONATHAN WILD THE GREA7\ Price twenty-five cents. 

Or, the whole in one large octavo volume, extra cloth. 

C 0 rpifi ’ 8 W s . 

A UNIFORM EDITION, 

IN TWENTY-THREE LARGE DUODECIMO VOLUMES, 

W1.,.LB0TTND in sheep gilt, 

Forming a beautiful scries, each volume comprehending a novel. 

ALSO, A OBEAP EDITION, 

IN FORTY-SIX VOLUMES, DUODECIMO 

DONE UP IN NEAT PAPER COVERS. 

Price only twenty-five cents a volume, each work in two volumes. Any novel 
Bold separate. 

COMPRISING; 

THE SPy-THE WATERWnTCH-HElDENMAUER-PRECAUTlON-HOMFW’ARD BOUND 
-HOME AS FOUND-rilE LAST OF THE MOHICANS-THE HEAD.sma.N- THE TWO 
ADMIRALS-THE PIONEERS-THE PIUIT— LIONEL LINCOLN- I Hi: PA'J'Ml'lNDEK— 
THE WISH-TON-WISH-MEUCEDES OF CASTILE-THE M()MK!N.S-THE BRAVt)- 
THE DEKRSl.AYER-THE I'KAIRIE-THE RED HOVER-WING AND WJNG-WYAN- 
DOTTE, OR THE HUTTED KNOLL; AND THE TRAVELING BACHELOR. 

ALSO, NED MYERS; OR, A LIFE BEFORE THE MAST, 

In one PJrao. volume. Price twenty five cunts. 

AX.SO, OOOPSR’S SRA TAIsSS, 

In SIX neat volumes, royal limo., extra cloth. 

COOPSR’S IiEATHRR STOCRIX^Q TALES, 

In five neat voluiiirs, royal 12ino., extra cloth. 
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BOY’S TREA SURY OF SPORTS. 

THE fiors mmi op sports, pustimes and recreations. 

WITH TOUR HUNDRED ILLUSTRATIONS, 

BT SAMUEL WILLIAMS. 

n NOW RKABT. 

In one very neat volume, bound in extra crimson cloth; handsomely printed and 
illustrated with engravings in the first stylo of art, and containing 
about six hundred and fifty articles. A present for all seasons. 




PREFACE. 

This illustrated Manual of “ Sjiorts, Pu-stinies. and K«*rrenti'*iis,” has licpri nreiiarrd with psf>eriRl ! 
rectird to the Health, Exercise, and Ivutioual I'njoynieut of tJie youn? readers to wliom it us ad- 
dressed. ' 

Every variety of roniniendable Tter’‘e;*tion will be found in the folb'wunr jiaees I’lr'.t, vmi have 
the liu'le. 'i’oys of llie Nursery; the Tops and .Marldes of Uie I’jay-frrouad ; ami the balls of llie 
IT.iy-rouin, or tlie siiiooiii Lawn. I 

7 'hpn. you }i;ivp a iiumher of Pastimes that serve, to eladden the fireside ; to lifdit uji inanv faces ' 
riphi luyfully. and make t’ae p.Trlour re-ociu* with iniri.h. 

Next, currie liio Exercisirnr Sports of the Field, tl»e Green, and the Play-pround ; followed by ) 
the noble and trniv Eiidish same of Cricket. ‘ I 

Gyinna.stic'i! rue next adnullod ; then, the delightful recreation of Swiimnini: ; and the healthful 
SjKllI of SiiallJie. ; 

Ar( he.''y, once llie pride of Eiifflaud. is then detailed ; and very properly followed hv ructions i 
in the eruceful aoconiph.vhment of Fencing, and tlie manly and enliveiung exercise of Riding. 

Angiuig, the jifustjuie oi childhood, boyhood, manhood, and old age, is next dcsciihed ; and by i 
attention to tlie insiructions here Imd dowui, the lad with a stick and u string may majii Ijocoiiic uh 
expert Angler. ■ 

Kc'^.oing Aiiiraals i** a favourite pursuit of bovhoiKl. Accordingly, we liave dc, scribed how ti» rear j 
the Kaltbil, ( he Njuirrel, the noriu'msc, rhe tiuinea Pig, liie Pigeon, anil the Silkworm. Along ! 

chapter is adapted to the rearing of t?ong Ihrds ; the sev<»ral varieties of w liich, and their rc.speclive ! 

cages, are iiex’. described. Ajid here we may hint, that kindnc.ss to Aniinal.s invariably denotes an i 

excclleut dispomtioa ; for, to pet a iitllo creature one hour, and to treat it h.u-shly the next, inark.t i 

a eapncKiu.s if not a cruel tenij>er. ilumauity us a jewel, Viuch every boy .should be jiroud to wear 
in hji breiust. j 

We now approach the more sedate amusements— as Draught.s iind Thnss ; two of the mddest ! 
exerci.'ses of the uigenuiiy of the human mind. Dominoes and JJngaiellH follow'. With a know- ! 

ledge of these four games, w ho Would pass u dull hour ui the dreariest day of winter; or who i 

would sit idly hy the lire ^ 

AriiuseTficiils in Anthmetic, harmless Tjogerdem.am, or sleighf-of-h.anrl. and Tricks with Turds, 
will Ueiiglil many a family circle, when the bu.sine 8 s of the day is over, and llie hook is laid aside. 

Altiiough the fircsent volume is a book of amuKcments, Science lias not lieeii excluded from its 
pages. And why sliould it he ? when .Science is as ontertainmg as a fairy tale. Tin; niiangt'K w e 
read of Hi little nursery-hooks are not more ammsing than the changes in Chemist rj'. Optics, Elec- 
tricity, Alaapietisin, < 4 rc. By understanding lhe.se, you may almost becxime a little Magician. 

'l oy IjiilMoiis and Paper Fireworks, (or Fireworks wUtiouf Fire,) come next. Tlien follow In- 
strucuons lur Moiiellmg in (tard-Board ; so that you may build for yourself a iialwe, or a carrrage, 
ami, 111 siiori. make for yourself u idtle naiww world. 

i'uzzles and Paradoxes, Enigmas and Kiddles, and Talking with the Fingers, next make np ]>lenty 
of exercise for “ (iucss,’’ and “ Guess again." And as vou have the “ Keys” in your own hand, you 
may keep your fneno^ in suspense, and make yourself as inysienous as the Sjihyux. 

A ch'rtpter of Miscellanies— luseful and amusing secrets— winds up the voliimt;. 

'I'he •’ Trea- ury'’ cotilajius ujiwards of four hundred Engravings ; so that it ls not only n collection 
of'si'crets worili knowing," but it is a book of pictures, as full of prints as a Chrisiinus pudding 
IS of jilums. 

It maybe as well to mention that the “ Treasury” holds niany new gamos that have never 
helore h'ecri printed in a book of this kind. The old games have been described alrosh. 'i'hus it 
is, altogether, a new book. 

And now we take leave, wishing you many hours, and days, and weeks of enjo3rnieat over tbeso 
pages ; and we hope that you may be as AiapPY ^ tlds book ut brimful of amusement. j 
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POPULAR SCIENCE. 


PHILOSOPHY IN SPORT, MADE SCIENCE IN EARNEST, 

BEING AN ATTEMPT TO ILLUSTRATE THE FIRST PRIN- 
CIPLES OF NATURAL PHILOSOPHY, BY THE 
AID OF THE POPULAR TOYS AND 
SPORTS OF YOUTH. 

FROM THE SIXTH AND GREATLY IMPROVED LONDON EDITION. 

In one very neat royal IHmo. volume, with nearly one hundred illuBtrations on wood. 
Fine extra crimson cloth. 

“ Messrs. Irf-a «t Blanchard liave issued, in a hnautifiil maimer, a handsome Imok, called ‘ Philoso- 
phy in .SfKirt, made SoKiiice in lianiest/ This is an admirable attempt to illustrate the first prin- 
cililes of Natural Philo.sophy, by the aid of the i»opulur toys and sports of youth. Useful informa- 
tion is conveyed in an easy, jrraccful.yet disnified manner, and reinlered easy to the simple.st under- 
standing. The book is an admirable one, and must meet with universal favour.”— .Af. Y. Evening 
Mirror. 


ENDLESS AMUSEMENT. 

JUST ISSUED. 


ENDLESS AMUSEMENT, 

A COLLECTION OF 

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS 
IN VARIOUS BRANCHES OF SCIENCE, 

INCLUDING 

ACOUSTICS, AJRn'IIMETlC, CIIEMISTKY, ELECTRICITY, mT)R'AULTOS, HYDROSTATICS, 
M.AON’KTISM, OPTJC.S, WONDERS OF THE AIR PUMP. ALL THE 

POPULAR 'J’RICKS AND CHANGES OF THE CARDS, Ac., Ac. 

TO WHICH IS ADDED, 

A COMPLETE SYSTEM OF PYROTECHNY, 

OR THE ART OF MAKING FIRE-WORKS: 

THE WHOLE SO CLEARLY EXPLAINED AS TO EE WITHIN REACH 
OF ' It 2 MOST LIMITED CAPACITY. 

WITH ILLUSTRATIONS. 

FRO.M THE SEVENTH LONDON EDITION. 

In one neat royal 18ino. volume, fine extra crimson cloth. 

This xvnrli has hmir supplied instructive amusement to the rising generations in England, and 
will (loiiblifss be hailed witii i)h a.surt! by those of this rnnnlry who like (and what hoy does uot| 
tile marvellous tricks and changes, experiments and wonders aiTorded by the magic of ^uunce and 
jugglery. 

CHEMISTRY oF^niTToi? sTaSns, 

SPRING, SUMMER, AUTUMN, AND WINTER. 

AN ESSAY, PRINCIPALLV CONCERNING NATURAL PHENOMENA. AD.VIITTLNG OF 
INTER PR ETATiON BY CHEMICAL SCIENCE, .AND ILLUSTRATING 
PASSAGES OF SCRIPTURE. 

BY THOMAS GRITFITHS, 

VROFESSOR OF CIIF.MI8TBY IN THE MEDICAL COLLEGE OF ST. BAKTIIOLOMEW'S HCSFITAL, ETC. 

Ill one large royal 12nio. volume, with many Wood-Cuts, extra cloth. 

“ Chemistry is assurodly one of the most usefhl and interesting of the natural seieuees. Chemical 
changes meet us at every step, and during e.very season, the winds and the nun, the heat muh the 
iVosls, eatdi have their peculiar and appropriate pheiiomeuiL And tho^e who have hitherto re- 
niunied msensihlo to these changes and unmoved umid such renitu'kahle, and often startling re- 
sults, will lose tlicir apathy upon reading the Chemistry of the ‘ Four Seasons,’ and he prepiuvd. to 
eniov the highe.st intellectual pleasures. Conceived m a happy spirit, and written with taste and 
ulegimeo, the c.ssay of Mr. Grilliths cannot fail to receive the :idiiurnt: 'u of ciillivaled niiuds; and 
iliosc who have looked less carefully into nature’s beauties, wdU find themselves letl on step hy 
step, until tlu;y realize a new intellectual being. Such works, we h'dieve, exert a happy influcnre 
over society, and hcucAi we hoi>e that the present one may bo extensively read.” — iVw; Western 
Lancet. 
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P 0 P ULAR S CIE N C E . 

KIRBY AND SPENCE’S E NTOIViGL OGY, FOR POPULAR USE. 

AN INTHODXJOTION TO ENTOMOIiOGTT; 

OK, L’KiniK-NTS OK 'I'HK NATI’KAI. li:s'IuKV Ol’ 'XsriC'I’S; COMl’KISiXf; A\ \n uUMT 
OK ^'OX!<)^S AM) rSKKn. I\si;(’'l'>. ok 'I'IIKIK MK'rAAIOKJ'HOSKS. KOOi), 
is'J'ivATAGKMfS, HAlil l'A I 'ONS, 80i IK'I IKS, MO'l iUNS, .NOitsJJti, 
liVBKKXA’DoN, I.XyriNCT. Ac., Ac. 

Willi PIhI<* 8, Plain or Colored* 

BY WILLIAM KIRBY, M.A.,F.R.S., AND WILLIAM SPENCE, ESQ., F.R.S. 

FROM TJ»E bUTH LlJ.M'O.N KIM'J Id.N, WU.C il AS corki CTKP AM> t.OASllii,RAl)L.V LA LARORJ). 

In one large <i( tav(i vuloine, extra cloih. 

“ Wc liave bcci- iv iii»cr<>stC4l m ruimiiis over the pasres of this ircaMsf!. There is scarcclv, in 
the wide ranire id natural .sciein-e. a more mieies'iim or iiisfructive study Miau that of msects, or 
one Ilian i.s calcijlatiid lo e.vcale nion* cnrio':i v le wunli'r. 

“ '] lie jioiinlar lorni of lelti rs is jnlopted l.'V ftie iielhors in impnrliiiir a knowledge of the suhject., 
winch renoers Ihe work peeulia' jv lined f.irour dislricl school libraries, vvlijch are open to ull ages 
and classes.” — Htotl's Mirchaitts' ^la<jmnte 


ANSTED’S ANCIENT WORLD. 

jL’ar issn-iD. 

THE ANCIENT WORLD, OR. PICTURESQUE SKETCHES OF CREATION. 

BY D. T. ANSTED, M.A., F.R.S., F.G.S., &c. 

PROFESSOR OF IN KlNO's tIOM.FOK, LONDON. 

In one very neat volume, line extra cloth, with about One Hundred and Kifly Illustrations. 

The object of thus work is to present to the general reader ttie chief results of (Jeolo^ical investi- 
gation in a simple and comprehen.nve numner. 'I’lie author lias avoided all niinule details of geo- 
logical formations and particular olrservaf ions, and ha.s endeavoured as tar as fiossihle to present 
striking vn*ws of tlie woiuh'rful resuhs of the science, div« . sled of its niere leohiuealitics 'Die 
work IS pot up 111 a inuidsoiiffc manner, with numerous illustrations, and forms a m.at volume for the 
centre table. 

GEOLOGY AND MINERALOGY, 

WITH INSTKi;CTJONS FOIL 7'IIE QTALD ATIVE ANALVSIS OK MINERALS. 

BY JOSHUA TRIMMER, F. G. S. 

With tw'o Hundred and Twelve Wood-Cuts, a baiHlsonie octavo vidume, bound in f!nd)os.sed cloth. 

This is a systematic inlnMluction to Mmeralogy, and Oeologv. adrui.ably calculated to instruct 
the student in tho.se si-iences. The organic remains of the various formaUoas are well illustraleU 
by numerous figures, winch are drawn with great uc^iuiacy. 

NEW AND COMpTetT^M EPICAL BOTANY. 

NOW READY. 

MXSDXOAI. BOTAN7, 

OR, A DF.SCRIID’inN OF ALL THE MORE IMPOR'I'ANT JM.AN'IS TTSEl) IN MEDICINE. 
AND OF THEIR i’ROPERTlES, USES A.N'D MODES OK ADMIN ISTRA'I’ION. 

BY R. BGLESFELD GRIFFITH, M.D., &c., 

In one large octavo volume. With aliout three hundred and fifty Illustrations on Wood. 


A POPULAR TREATISE ON VEGETABLE PHYSIOLOGY; 

PUBLISHED UNDER THE AUSPICES OF THE SOCIETY FOR THE PROMOTION OF 
POPULAR INSTRUCTION; WTI'H NUMEROUS WOOD CUTS. 

BY W. B. CARPENTER. 

In one volume, 12mo., extra cloth. 


A TREATISE ON COMPARATIVE ANATOMY AND PHYSIOLOGY, 

BY W. B. CARPENTER. 

REVISED AND MUCH IMPROVED BY 'THE AUTHOR. WITH BEAUTIFUL STEEL PLATES. 
(Now preparing.) 






LEA AND BLANCHARD’S PUBLICATIONS. 

HUMAN HEALTH: 

OR, THE INFLUENCE OF A'l'MOSPUKRK ANP LOCAIJTY, CHANCE OF AIR AND 
CLLMATE, SEASONS. FOOO, CLol ll'NG, BA'I IIINO, MINERAL SPRINGS, 
EXERCiSE, SLEEP, CORPOUEAL AND MENTAL PUR- 
sfl ITS, HEAL'l’IlY MAN, 

CONSTITUTING KI.UAIENTS OF HYGIENE. 

BY ROBLEY DUKGLISON, M.D.,&c.,ficc. 

Ill oiii: (icluvo Volume. 

Persons in the pursuit ol iionlih, as well as those W'ho desire to retain 
it, w'ould do well to exaiiiiiie. iln,- work. 'I’lie aatljor states tlie work has 
been prepared “to enable the ^eneial reader to understand t lie nature of 
the actions ot various lullmMices. on buniuii bealtli, aiid assist him in adopt- 
ing such means as may lend lo iis preservaluui : lienee the author has 
avoided introducing technicaliiies, exi'epi where they appeared lo him indis- 
pensable.” 

REMARKS ON THE INFLUENCE OF MENTAL EXCITEMENT, 

AND MENTAL CULTIVATION UPON HEALTH.- 

BY A. BRIGHAM, M.D. 

Third edition ; one volume, 18mo, 

A TREATISE ON 

COAITS, BUXTIOXTS, ^ BZSSASES OF THIS KAIIaS, 

AND THE GENERAL MANAGEMENT OF THE FEET. 

II Y LEWIS t) UR LA CHER, 

fi U H W K (• N C II I K C »' O 1) I .S T TO THE « f E E N. 

Ill one duodecimo volume, cloth. 

BXtIBGE WATER TRBATXSBS. 

; Tlie wluilo cuuuilelc iii 7 vols. 8vo., vuiTuusbiiidmfjs, 

eO.NT.MM.NO: 

ROGET’S ANIMAL AND VEGETAIILE PHYSIOLOGY, in 2 vols.. witli many cuUs. 

KIRUY ON 'I’lIE IliSTUUY, lIMIl'rs AND JN.STl.NCT OF ANIMALS, 1 vul., with plates. 
PROU'r ON IMlLMlSTKY-CIiAi.MF.KS ON 'PlIE MORAL CONDITION OF MAN-WIIEWELL 
ON AS'I'KO.NOMY-LIKLI. U.N 'HIE HAND— KIDD UN THE PHYSICAL CONDITION UF 
M A .N, 2 volumes. 

I BUCKLANU’S GEOLOGY', 2 vols., with nuim;ruus plates and maps. 

Roget, Ducklaiid, and Kirhy are sold separate. 

; THE DOMESTIC AGExHENT OF THE SICK ROOx>I, 

NECESSARY, IN AID OF MEDICAL TREATMENT, FOR THE CURE OF DISEASES. 
BY A. T. THOMSON, M. D., &e. &c. 

First American, from the Second London Kditioii. Edited hy R. E. CRirnTii, M. D. 
In one royal Piiiio. volume, extra cloth, with cuts. 

“There i.s no inUirl'eriMice with tlin duties of the medical atiemlant. but souml. sensible, and 
clear advice what to do, and how to art, so us to meet unlbre.scuu emerpunuif-s, uud co-operute 
with professional sRill,’’— UazrUe. 

THE MILlWiGhITnFm^ GUIDE. 

BY OLIVER EVANS. 

THE TWELFTH EDITION, 

WITH ADDITIONS AND CORRECTIONS, BY THE PROFESSOR OF MECHA- 
NICS IN THE FRANKLIN INSTITUTE OP PENNSYLVANIA, 

AND A DEfeCUIPTION OF AN IMPROVED MERCHANT FLOUR MILL. 

WITH ENGRAVINGS. 

BY 0. & O. EVANS, ENGINEERS. 

This is a practical work, and has had a very extended sale. 


LEA AND BLANCHARD’S PUBLICATIONS. 


JOHNSON AND LANDRETH ON FRUIT, KITCHEN, 
AND FLOWER GARDENING. 

A DICTIONARY OF MODERN GAKDENINO, 
BY GEOEGE WILLIAM JOHNSON, ESQ. 

Aulhor of llie “ Principles of Practiital Gardening,” “ The Garvh'iicr’s Almunac," Ac. 

WITH ONE HUNDRED AND EIGHTY WOOD-CUTS. 

EDITED, Wn’II NUMEROUS ADDUnONS, BY DAVID LANDRE'l’H, OF rillLADEErillA. 

In ont; large royal duodecimo volnnio, extra eloih, of nearly Sii Hundred and Fifty 
diMible columned Pages. 

This edition has been ereatly altered from the orieinnl. Many nrticles of little interest to Atneri- 
caris liave been curtailed or wholly oniUted, and mncli new matter, wiili nninerou.s illnstralioiis, 
added, f.specKdlv with respect to tile varieties ol' fruit whicli expciK'nce has shown to be peculiaily 
uda'ttKl lo our eiiiiialr. Still, the editor admits that lie has only fnlluwed in the path .so adniirahly 
marked out bv Idr. .lolm.son, to whom the cliief nierit of the work iHdomr.s. It has bei n an obiect 
with tlu; edilor and publishers to inerea.se Its popular rharaeler. ttiereby adapt iiu; it to the larger 
class of horlicMlMiral readers in tins country, and ibey tru.st it will jtrove whal tliey have de.sired it 
to he. an laicycloiuv.dia of (iardemng, if iioi of Rural AlVau-s, so cmidensed and at such a price as to 
he williiii reach of nearly all whom those subjects uiteiesL. 

“This is a useful compendium of all that description of information which ts valuahle to the 
nindeni gardener. It quotes largely from the best siandurd authors, journal.s, and transact ions of 
so(M(;iies ; and the labour.^ of the Anurican editor have fitted it for the United Slates, by jinheious 
additions and oiiiis.'ious. The volume i.s abundantly illustrated with tignies in tlie te.vi, emiiraciiig 
a judicious select loii of those vaneties of fruits which experience has shown to be well .suited to the 
United Journal. 

“ This is the nio.st valuable work wc have ever seen on the subject of gardening; and no man of 
tiLste will) can devote even a quarter of an acre to horHeuliure ought lo be without it. Indeed la- 
dies who merely cultivate flowers wUhm-doors, will find this book nii e.xc(llciit and coiiveni'*nt 
couiist Uor. It contains one hundred and eiglity wootl-cui illustrations, which give a distinct idea 
of the li uiis and gardeu-arraimenient.s they are intended to represent. 

“ John.sDu's l/iciioiiary of Gardening, edited hy handreUi, is liimdsoincly printed, well-Iiound. ami 
sold at a price which puls it witluii the reach of ull who would be hkely io buy iC'—Evenjrun. 


THE COMPLETE FLORIST. 

A MAZrUAI. OF GARDFKXNG, 

CONT.MXTNG rfUACTIUAl. INSTRTTTION T'OR THE MA.NAGEMENT OF OKEEXHOUiSE 
PLANTS, AND FuR THE CULTIVATION OF THE t^!UU:lHtEh^ -'rill; IT.dWEli 
GARDEN, AND THE LAWN— WITH DESCRIPTIONS OF THOSE PLAN'TS 
AND TREES MOST WuR'THV OF CULTURE IN EACH 
DEPARTMENT. 

WITH ADDITIONS AND AMENDIYIEN TS, 

ADAPTED TO THE CLIMATE OF THE UNITED STATES. 

In one small volume. IMce only Twenty-five Cents. 


THE COMPLETE KITC HEN A ND FRUIT GARDENER. 

A SELECT MANUAL OF KITCHEN GARDENING, 

AND THE CULTURE OF FRUITS, 

CONTAINING FAMILIAR DIRECTIONS FOR THE MOST APPROVED PilACl'lCE IN EACH 
DEPARTAIKN'J'. I>ESCRIPT10NS OP MANY VALUAHLE FRUITS, AND A 
CALENDAR OP WORK TO HE PEUl-'UliAIED EACH 
AIONl'H IN THE YEAIi. 

THE WHOLE ADAPTED TO THE CLIMATE OF THE UNITED STATES. 

In one small volume, paper. Price only Twenty-five Cents. 

LANDRETITS RURAL REGISTER AND ALMANAC, FOR 1848, 

WITH NUMEROUS ILLUSTRATIONS. 

STILL ON HAND, 

A FEW COPIES OF THE REGISTER FOR 1847, 

WITH OVER ONE HUNDRED WOOD-CUTS. 

This work has 150 large 12mo. pages, double columns. Though published nnniially, and emitam- 
ing an almanac, the jirmcipal port of the matter is of permanent utility to the horlicultiirist and 
farmer. 
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YOUATT AND SKINNER’S 


STANDARD W6RK ON THE HORSE. 


THE HORSE. 

BY WILLIAM YOUATT. 


k NEW EDITION, WITH NUMEROUS ILLUSTRATIONS. 
TOGETHER WITH JL 

GENERAL HISTORY OF THE HORSE; 

A RIRSERTATION ON 

THE AMERICAN TROTTING HORSE; 

HOW TRAINED AND JOCKEYED. 

AN ACCOUNT OF HIS REMARKABLE PERFORMANCES; 


AK ESSAir ON THE ASS AHD THE MULE, 

BY J. S. SKINNER, 

Assistant rust-Master-Ceneral, and Editor of the Turf Register. 

This oditinn of Yoiiatt’s well-known and standard work on iho ^llannsro- 
mcrit, Diauaacs, and Treatment of the Horse, has already obtained such a 
wide cireuUuion throughout the eountry, that the Publishers need say no- 
thing to aitrnc t to it the attention and confidence of all who keep Horses or 
are interested in their iinproveiiient. 

**In introduciii!? ftiia very neat edition of Youatt’s well-known book, on ‘The Horse,’ to our 
reailevs, it is not nceos.^ary, even if we had time, to say anythin? to convince them of its worth; il 
has lifon hi?liJy spoken of, by those most capable of appreciating; its merits, and its artpcaraiice 
under the ])alrona?e of the ‘Society fur the Dilfiusion of Useful Knowledge,’ with Loi-d Brougham 
at Its head, ulTunls a full Ruaraiity for its hi?h character. I'ho book is a very tnluablo one, and we 
endorse the rccomniemlatiou of the editor, that every man who owns the ‘ hair of a horse,’ should 
have it at his elbow, to be consulted like a family physician, ‘ for miti?atin? the disonlers, and pro- 
lonsiii? tlie life of the most intcrcbling aud useful of all domestic animals.’ '^—Farmer's CabmcL 

“ This celebrated work ha.s been completely revised, aud much of it almost entirely ro-'WTitteu 
by Its able author, who, from being a practical veterinary surgeon, and withal a great lover and 
excclleuL judge of the aiimiul,is particularly well qualified to write the history of tho noblest of 
Quadrupeds. ]Ues.srs. U>u and llhuichard of Philadelphia have republished the above work, omitting 
a few of tlu) first page.s, and have supplied their place with matter quite as valuable, and perhaps 
more interesting to the reader in tliis country ; it being nearly 100 pages of a general liistory of the 
horse, a dissertation on the American trotting horse, how trained and jockeyed, an account of Iiis 
remarkable performances, and an es.say on the Ass and Mule, by J. S. Skinner, Esq., Aasistimt Post- 
mu-ster-General, and late editor of t!io Turf Register and American Fanner. Mr. Skinner is one 
of our most pleasing writers, and has been familiar with the subject of the horse from childhood, 
ami we need not add that he has acquitted himself well of the task. IIo also takes up the iniport- 
uiit subject , to the American breeder, of the Ass, and the Mulo. Thi^ he treats at length and con 
anwre. Tlie Philadelphia edition of the Horse is a haudsomo octavo, with numerous woikI-cuIs.”— 
Amaican ApriaUlurist. 
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YOUATT ON THE PIG. 


THE PXa; 

A TREATISE ON THE BREEDS, MANAGEMENT, FEEDING, 
AND MEDICAL TREATMENT OF SWINE, 

WITH DIRECTIONS FOR SALTING PORK, AND CURING I5ACON AND HAMS. 

BY WILLIAM YOUATT, V.S. 

Author of “The Horse/* “The Dog,” “Cuttle,” “ Sheep,” Ac., Ac. 

ILLUfiTBATED WITH ENORA VINOS DRAWN FROM LIKE BY WILLIAM HARVEY. 

In one handsome duodecimo volume, extra cloth, or in neat paper cover, price .*10 cents. 

This work, on a subject comparatively neglected, must prove of much use to farmers, especially 
in this country, where the Pig is an animal of more importance than elsewhere. No work lias 
hitherto appeared treating fully of the various breeds of swine, their disea.ses and cure, breeding, 
fattening, Ac., and the preparation of bacon, salt pork, hams, Ac., while tlie name of the author of 
“The Horse,” “The Cattle Doctor," Ac., is sufficient authority for all he may state. To render it 
more accessible to those whom it particularly interests, the publishers have prejiared copies in 
neat illustrated paper covers, suitable fur transmission by mail ; and which will be sent through 
the post>office on the receipt of fifty cents, free of postage. 


CLATER AND YOUATT’S CATTLE DOCTOR. 


EVERY MAN IIIS OWN CATTLE DOCTOR: 

CONTAINING THE CAUSES, SYMPTOMS AND TREATMENT OF ALL 
DISEASES INCIDENT TO OXEN, SHEEP AND SWINE; 

AND A SKETCH OF THE 

ANATOMY AND PHYSIOLOGY OF NEAT CATTLE. 

BY FRANCIS CLATER. 

EDITED, REVISED AND ALMOST RE-W’RITTF.N, BY 

WILLIAM YOUATT, AUTHOR OF “THE HORSE.” 

WITH NUMEROU.S ADDITIONS, 

EMBRACING AN ESSAY ON THE USE OF OXEN AND THE l.MPROVEMENT IN THE 
BREED OF SHEEP, 

BY J. S. SKINNER. 

WITH NUMEROUS CUTS AND ILLUSTRATIONS. 

In one 12ino. volume, cloth. 

“As its title would import, it is a most valuable work, and should be in the hands of every Ame- 
rican farmer; and we feel proud lu saying, that the value of the work has been greatly enhanced 
by the contributions of Mr. Skinner. Clater and Youatt are names treasured by the fanning com- 
munities of Europe as homMehold-gods ; nor does that of Skinner deserve to be less csloenied m 
Aniencx”-rii/ne 7 ican Farmer. 


CLATER’S FARRIER. 


EVERY MAN HIS OWN FARRIER: 

CONTAINING THE CAUSES, SYMPTOMS, AND MO.ST APPROVED METHODS OF CURE 
OF THE DISEASES OF HORSES. 

* B7 FRAZrOZS CZiATER, 

Author of “ Every Man his own Cattle Doctor,” 

AND HIS SON, JOHN CLATER. 

FIRST AMERICAN FROM THE TWEN’IT-EiGirni LONDON EDITION. 

WITH NOTES AND ADDITIONS, 

B7 J. 8. 8B:ZKirEB. 

In one ]2mo. volume, cloth. 
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HAWKER AND P ORTER ON SHOOTING. 

INSTRUCTIONS TO YOUNG SPORTSMEN 
IN ALL THAT RELATES TO GUNS AND SHOOTING. 

BT LIEUT. OOL. P. HAWKEB. 

FROM THE ENLAROED AND IMPROVED M.NTH U»Nl)ON EDITION. 

TO WHICH IS ADDED 1'HE HUNTING AND SHOOTING OF NORIH AMERTCA. WITH 
DESCJHn'lONS OF ANIMAIJS AND BIRDS, CAREFULLY COLLATED 
FROM AUTHENTIC SOURCES. 

BY W. T. PORTER, ESa* 

EDITOR OF THE N. Y. SPIRIT OF THE TI.MEH. 

In one larpo octavo volume, rich extra cloth, with nmnerons Illustrations. 

“Here is a frowfr, a liantJ-hook. or rather a text-hook — oae that contains tlie whole routine of the 
science. It is the Primer, the I .exicon, and the Homer. Everjlliinsr is here, from the minutest 
portion of a Run-l(K;k, to a de:ul Buflalo. The .sinirtsman wtio reads this txiok understandinely, may 
pass an examinaljon. He will know the science, and may crive advice to others. Every sportsman, 
and sportsmen are plentiful, should own this work It should be a “ vade mecum.” He should 
he examined on its contents, and estimated by his abilities t«» answer. We have not been witliout 
treatises on the art, but hitherto tliey have not descended into all the minuti® of equipments and 
qualifications to proceed to the completion. This work supplies dellciuncies, and completes the 
sportsman’s library.”— if. S. Gazette. 

“ .No man in the country tliat we wot of i.s so well calculated as our friend of the ‘ Spirit’ for lJu9 
tusk he has undertaken, and the result of his labours has been Diat he has turned out a work which 
siiould he m tlie hands of every man in the land who owns u double-barrelled pun.”— iV. 0. Picayune. 

“A volume splendidly printed and bound, and embellished with numerous la-aiitiful emprivinM, 
whicli will doubtless he m preat demand. No sportsman, indeed, ousht to he without it, while the 
general reader will find in its pages a fund of curious and useful informatiou. ’’—RuiAmond W/np. 


THE 

BY WILLIAM YOUATT, 

Author of “ The Horse,” Ac. 

WITH NUMEROUS AND BEAUTIFUL ILLUSTRATIONS. 

EDITED BY E. J. LEWIS, M.D. &c. &c. 

In one beautifully printed volume, crown octavo. 

LIST OF PLATES. 

Head of BlfKidhound- Ancient Grevliounds— The 'I'liibei Dog— The Dinpo, or New Holland Dog— 
'i'he Danish or Dalmatian Dog— 'i'hc Hare Indian Dog— The Greyhound- I'he Grecian Greyhound 
— Rlenheims and (\>elieis— 'I’he Water Spaniel — 7’iie P<»<>d!c— The Alpine Spaniel or Bernardine 
Dog— 'I’lie Newfoutidhuid Dog— The Esquimaux Deg— Hie English Sheep Dog— The Seotch Sheep 
Dog— Tlie Beanie— 'I’he Hamer — The Foxhonml — Plan of GooiDvihkI Kennel— Tlie Southern 
Ihnmd—riie Setter— 'I'he Pointer — The Biel Dtig— The Mastiif— 'I’lie Terrier— Skeleton of the 
Dog-Teeth of tlie Dog at seven dillereiit age>. 

“ Mr. Youalt’s work is invalnan!,- to the stnd. nt of ranine history; it is full of entertaining and 
instrue.tive matter for the general reader. 'I'o i ’ • •'•'ortsmati it commends itself by the large amount 
of us(;ful iiiformatioii lu reference to his ju’cul;..’ .''irMUis wliicli it emhodies— intbrmaliou which 
he caiinot find elsewhere in so coiivcuieni and •.sMble a fonii, and with so reliable an authority 
to cnUlle it to his con.sidenitioii. The modest p.ei.ice which Dr. Lewi.s ha.s made to the Aiiuriean 
edition of this work scarcely does justice to the addiiumai value he has imparted to it; and the 
publishers are enlitled to great credit for the handstnne maimer m winch they have got it up.”— 
^ortk American. _ 

T H E S FORTS A H ’ S 1. 1 B R A R IT , 

OR HINTS ON HUNTERS, HUNTING, HOUNDS, SHOOTING, GAME, DOGS, GUNS, 
FISHING, COURSING, Ac., Ac. 

BY JOHN MILLS, ESQ., 

Author of “ The Old English Gentleman,” Ac. 

Ill one well printed royal duodecimo volume, extra cloth. 

STABLE TiLtk^HirTX]^ 

OR SPECTACLES FOR YOUNG SPoR'rS.MEN. 

BY HARRY HIEOVER. 

In one very neat duodecimo volume, extra cloth. 

“These lively sketchc.s nnsw'er to their title very well. Wherever Nimrod is welcome, there 
Blunild ho cunhal greeting fiir Harry Hieovcr, ilis hook is a very clever one, and raiutuins many 
instructive lunls, as well os much light-hearted reading. "-Ejawmier. 

THE BOG AND the SFORTSBEAH, 

EMBRACING I’HE USES, BREEDING. TRAINING, DISEASES, El’C., OF DOGS, AND AN 
ACrOUNT OF THE DIFFERENT KINDS OF GAME, WITH THEIR HABITS, 

Alaoy Hints to Shooters^ with various useful lieclpeSf dtc* 
BY J. S. SKINNER. 

With Plates, lu one very neat 12rao. volume, extra cloth. 




LEA AND BLANCHARD’S PUBLICATIONS. 

FRANCATELLrS MO DERN FRENCH COOKfRY. 

THE MODERN COOK, 

A PRACTICAT. GUIDE TO THE CULINARY ART, IN ALL ITS BRANCHES, ADAPTED AS 
WELL FOR THE LARGEST ESTABLISlIMKNTS AS FUR THE USE 
OF PRIVATE FAMILIES. 

BY CHARLES ELME FRANCATELLI, 

Pupil of the celebrated Careme, and late Maitre D’Hotel and Chief Cook to her Majest}' the Queen. 
In one large octavo volume, extra cloth, with numerous illustralinns. 

“ It api>ears to be the book of b(*oks on cookery, beini? a most comprehensive trtuitiso on that art 
pnsservative and consei^ative. Tho work coinpiises, in one lar>?e and eletjant octavo volume. 1117 
recipes for co('kin:i dishes and desserts, with numerous illustrations; also bills of fare and direc- 
tions for dinners for every month in the year, for companies of six persons to twenty-eight. — Aai. 
Intelligencer. 

“The ladies who read our Magazine, will thank us for calling .attention to this great work on the 
noble science of cooking, in which everj’bmly, who has any taste, feels a deep and abiding interest. 
Fraiicatelh is the Plato, the iShakspeare, or the .Napoleon of Ins dejiartmciit ; or pcrliaps the La 
J'lace, for Ins performance hears the same relation to ordinary cook books that tlie AlecaiiKiuo 
Celeste does to Daboll’s Arithmetic. It is a large ot;tavo, profusely illustrated, and contains every- 
thing on the pliilosophy of making dinners, suppers, etc.*, that is vvorih knowing.— Graham's Magazine. 


MISS ACION’S COOKERY. 

nCODBBZr COOKBRV ixr A1.I, ITS BRAirCHES, 

REDUCED TO A SYSTEM OF EASY PRACTICE. FOR THE USE (JF PRIVATE FAMILIES. 
IN A SERIES OF PRACTICAL KECEIP'I'S, ALL OF WHICH ARE GIVEN 
Wri'H I’HE MOST MINUTE EXACTNESS. 

KliIZA ACTON. 

WITH NUMEROUS WOOD-CUT ILLUSTRATIONS. 

TO WHICH IS ADDED, A TABLE OF WEIGHTS AND MEASURES. 

TUE WHOLE REVISED AND riUa’ARKD FOR AMERICAN HOUSEKKErERS. 

BY MRS. SARAH J. HALE. 

From the Second London Edition. In one large 12ino. vnlunie. 

“ Mi.ss Eliza Acton may congratulate herself on having composed u work of great utility, and one 
that 1.S speedily liiidiiig il.s way to every ‘dre.s.ser' m the kingdom. Her Cookery-book is uuque.s- 
tionably the ino'-t valuable e.onipendnuh of the art that has yet been i>nblj.shed. It strongly incul- 
cates ecoiionneal iirincipli s, and point. < out bow good Unng.s may be eoneoeted without that reek- 
les.s extravagance whicn good cix»k.s liave been wont to imagine the best evidence they can give of 
skill m their prolesssioii.”-— LonfZoa Mornino rust. 

'TiilToMNJ^^ 


PLAIN AND PRACTICAL DIRECTIONS FOR COOKING AND HOUSEKEEPING, 

WITH UPWARDS OF SEVEN HUNDRED RECEIPTS, 

Consisting of Directions for the Choice of Meat and Poult^, Preparations for Cooking; Making of 
Broths and S^oujis ; Boiling, Koasimg. Baking and Frving of Meabs, Fish, A.c. ; .Sea.soiiingi5, 
Colorings, Cooking Vegetabh'.s ; pj>maring Balails ; Clanf>ing; Making ot i'aslry, 
I'uddings, Gruels, Gravies, Ganushes, &c., Ac., and wilti general 
Directions for making Wines. 

WITH ADDITIONS AND ALTERATIONS. 

BY J. M. SANDERSON, 

OF Tin; FKANKLIN IIOUSK.. 

In one small volume, pajxT. Price only 'INventy-fivc Cents 

THE COMPLEliirNTECTlONER^^ BAKER. 

PLAIN AND PRACTICAL DIRECTIONS 

FOR MAKING CONFECTIONARY AND PASTRY, AND FOR BARING. 

WITH UPWARDS OF FIVE HUNDRED RECEIPTS, 

Consistii« of Directions for making all sorts of Preserve^, .Sugar Boiling, Comfits, Lozenges, 
Ornamental Cakes, Ices, Liqueurs, Waters. Gum Paste Ornaments. Svmjis, Jellies, 
Marmalades, Compotes, Bread Baking, Arliiicial Yeasts, l aiicy 
Biscuits, Cukes, Rolls, Muffins, Tarts, Pies, &c., Ac. 

WITH ADDITIONS AND ALTERATIONS. 

BY PARKINSON, 

PRACTICAL CONFKCTIONEB, CHF.STKUT STKEKT. 

In one small volume, paper. Price only Twenty-five Cents. 
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SCHOOL BOOKS. 


SCHMITZ AND ZUMPT’S CLASSICAL SERIES. 

voiiVniK I. 

C. JULII C.®SARIS 

COMMENTARII DE BELLO GALLICO. 


WITH AM INTRODUCTION, NOTES, AND A OEOGRAPHICAl, INDEX IN ENGUSH, 
ALSO, A MAP OP GAUL, AND ILLUSTRATIVE ENGRAVINGS. 

In nne handsome 18mo. volume, extra cloth. 

This Series has been placed under the editorial management of two eminent scholars 
and practical teachers, Dr. Schmitz, Rector of the High School, Edinburgh, and Dr. 
ZuMPT, Professor in the University of Berlin, and will combine the following advan- 
tages 

1. A pradually ascondincr series of School Books on a uniform plan, so as to constitute within a 
definite number, a eoniplete Latin Curriculum. 

2. Certain armneenients in the rudimentary volumes, which will insure a fair amount of know- 
ledge iu Koman literature to those who are not designed for professional life, and who therefore 
will not require to extend their studies to the advanced portion of the senes. 

3. Tl»« text of each author will be such as has been constituted bv the most recent collations of 
manuscripts, ami will be prefaced by biographical and critical .sketches in English, that pupils may 
lie made aware of the character and peculiuriUes of the work they are about to study. 

4. To remove difficulties, and sustain an interest m the text, explanatory notes in English will 
be placeil at the foot of each page, and such comparisons drawn as may serve to unite the history 
of the past with the realities of modem times. 

The works, gener.illy, will he embellished with maps and illustrative engravings,— accompani- 
ments which will great ly assist the student’s comprehension of the nature of the countries and 
leading circumstances described. 

6. The re.spective volumes will be issued at a price considerably less than that usually charged ; 
and as the texts are from the most eminent sources, and llie whole senes CAnistrucled upon a de- 
terminate plan, the practice of issuing new and altered editions, which is complained of abke by 
teachers and pupils, will be altogetlier avoided. 


From among the testimonials which the publishers have received, they append the 
following to show that the design of the series has been fully and successfully carried 


out 

Central High School, Phila., June 29, 1817. 

OmVemm 

1 have been much pleased with your edition of CiBsnr’s Gallic Wars, being part of Schmitz .ami 
Zumpt’s i;la.ssical series for schools. The work seems hai»pdy adajited to the waiil.s of learnei-s. 
The notes contain much valuable infommtum, concisely and accurately expressed, and on the jtoims 
that really require elucidation, wliile at the same time the hook is hot rendered tiresome and ex- 
pensive by a useless array of mere learning. The text is one in high repute, and your reprint oi it 
IS plca-sitig to l.he eve. 1 take great pleasure in commcuduig the jiuhlication to the attention of 
teachers. It will, I am persuaded, commend itself to all who give il a fair examination. 

Very ilospectfully, Your Obt. Servt.. 

JOHN S. ILVRT, 

To Messrs. Lea & Blancbarl Principal Philo. High SchooL 


Gentlemm : — 

I'lio edition of “CsRsar’s Commentaries,” embraced in the Classical Section of Chambers's Edu- 
cational Course, and given to tlie world under the au.spires of Hrs. Schmitz and Zumpt has re- 
ceived from nu- u omdul examination. I have no hesitation in saying, liiat ilie design expressed m 
the notice of tlie publishers, has been sncxtessfully accomplisheti.’nnd that the work is w'cil caicu- 
latod to become i)oi»ular and useful. The text apiH;ars to be uncxccntiouablo. The annotations 
emhnice in condensed form such valuable information, as must not only fadliUtte the research of 
the scholar, hut also stimulate to further inauiry, without encouraging indolence. This is an im- 

S ortant feature in the right prosecution of cla.sstcal studies, which ought to be more generally Utt- 
erstood and uppreaat.^. H. HAVERSTICK, 

Prof. ofAnaent Languages, Central High School, Philo. 


TOLUMB II. 

P. VIR6ILII MARONIS CARMINA. 

NOW READY. 




LEA AND BLANCHARD'S PUBLICATIONS. 

SCHOOL BOOKS. 

BIRD'S NATURAL PHILOSOPHY. 

NOW READY. 

ELEMENTS OF N.CtURAL PHILOSOPHY, 

BEING AN EXPERIMENTAL INTRODUCTION TO THE PHYSICAL SCIENCES. 

! illustrated WITH OVER THREE HUNDRED WOOD-COTS. 

i BY GOLDING BIRD, M.D., 

I Assistant Plij'sician to Guy’s Ho.'spitul. 

I FROMTHETHIRDLONDONEDITION. 

! In one neat volume. 

) “Bv the nnppfiniiire of Pr. Binl’s work, tlu* sfiident hn.s now nil that he mn desire in one nent, 
concise, and Wfll-diL'ested volume. The elements of naturnl iiliilo'fopliy mv exjilnined in very sini- 
j pie loiiguiifre, mid illustrated by numerous wood-cuts.” — Medical 

ARNOT rS PH YSICS. 

ELEMENTS OF PHYSICS; OK, "‘ATURVL PHILOSOPHY, 

GENERAL AND MEDICAL. 

WRITTEN FOR UNIVERSAL USU, IN PLAIN, OR NON-TBiniNlCAl. LANGUAGE. 

BY NIELL ARNOTT, XVI. D. 

A NEW EDITION, BY ISAAC HAYS, M. D. 

Cnmplete in one octavo volume, with nearly two hundred wood-cuts. 

This standard work haslteeri totur and favourab’v known a.s one of the be*.! poruilnr expo-sitions 
of the interestiiiff science it treats of. If is e.vfensively u.sed in many of the finst sennnane.s. 

ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL. 

BY GRORGE FO WNE S. Pn. D., 

Chemical I^H'turer m the Middlesex Hi»spilul Medical School, Arc., Ac. 

WITH NUMEROUS ILLUSTRATIONS. 

EDITED, WITH ADDITION.S, 

BY ROBERT BRIDGES, M. D., 

Profegsor of General and I’harnmceuticid Chemwtiy in the Philadelphia fail lege of Pharmacy, Ac., Ac. 
SECOND AMERICAN EDITION. 

In one large duodecimo volume, sheep or extra cloth, with nearly two 
hundred wood cuts. 

TTie character of thi« work is such as to reeonmieml it to all rolteires and academies in want of a 
text-hfK»k. It IS fully hnoieht UII to llie day.contuinmi; a!! ihe late vivws and diM-overo's that have 
SO entirely rliaiured the face of the science, and it is completely illusirated wuh virry numerous 
wood eiightvitigs, explanatory' of all the d'fferetit pr«H*.«sses and forins of upparatu'^. 'I'liouxli strictly 
scientific, it is written with great clearness ami smiphcHy of style, remlcring it easy to be compre- 
hended by those who are ctmiineneimr the study. 

It may he had widl hound in leutlier, or neatly done up in strong cloth. Its low price places it 
lejithin the reach of ul!. 

SX.SM;cnTS OFOPTICS, 

BY SIR DAVID BREWSTER. 

WITH NOTES AND ADDITKiN.S. B7 A. D. BACIIE, LL.D. 
Superintendent of the Coast Survey, Ac. 

In one voliiine, Pinin., with numerous wood-cute. 


LEA AND BLANCHARD’S PUBLICATIONS. 


SCHOOL BOOKS. 


BOLMAR’S FRENCH SERIES. 

New editions of the following works, bv A. Bolmati, forming, in con- 
nection with “Bolmar’s Levizac,’* a complete series ior ilie acquisition of 
the French language. 

A SELECTION OF ONE HUNDRED PERRIN’S FABLES, 

ACCOMPANIED BY A KEY, 

Containing the text, a literal and free translation, arranged in such a manner as to 
point out the difference between the French and English idiom, ice., in 1 vol., ]2mo. 

A COLLECTION OF COLLOQUIAL PHRASES, 

ON EVERY TOPIC NECESSARY TO MAINTAIN CONVERSATION, 
Arranged under different heads, with numerous remarks on the peculiar pronunciation 
and uses of various words; the whole so dispop»al as cousideralily to facilitate the 
acquisition of a correct pronunciation of the French, in 1 vol., Jtiino. 

LES AVENTURES DE TELERAQUE PAR FENELON, 

In 1 vol., 12tno., accompanied by a Key to the first ei<[hl honks, in 1 vol., 12mo.,cnn* 
taining, like the Fables, the text, a literal ami free translation, intended as a sequel 
to the Fables. Either volume sold separately. 

ALL THE FRENCH VERBS, 

Both regular and irregular, in a siiinll volume. 

''"'mullTr’sT'hTsics.'^'^ 

NOW READV. 


PRINCIPLES OF PHYSICS AND METEOROLOGY. 

BY J. MULLER. 

Professor of Physics at the Ihiiversity of Fnebure. 

ILLUSTKATED WITH NEARLY FIVE IIUNORED AND FIFTY ENCJRA VINOS ON WOOD, AND TWO 
COLORED PLATES. 

In one octavo volume. 

This Edition is improved u- the addition of various articles, and will be found in 
every respect brought up to the lime of publication. 

“I’he Physics of Muller is a work, .superb, complete, unique: tlie preate.st want knowm to Eng- 
lish Science could not have been better supplied. The work is of .vijrp:is.siug inUTest. The value 
of this contnhutioa to the scient ific records of ihiscoimlrv may be duly estiiniited bv the fact. Hint 
the cost of the origiual drawiiifps and engnivings alone lias exceeded the sum of ZlXXV..'’ — Lancet, 
March, 1S17. 


BUTLER’S ANCIENT ATLAS. 

AN ATLAS OF ANCXFNT GEOGBAPH7, 

BY SAMUEL BUTLER, D.D., 

Late Lord Bishop of Litchfield, 

OONTAININO TWENTY -ONE COLOURED MAPS. AND A COMPLETE ACCENTUATED INDEX. 

In one octavo volume, half-bound. 

BUTLER’S AN CIENT GEOGRAPHY. 

OEOOSAPHXA CX.ASSZOA, 

OR, THE APPLICATION OP ANCIENT GEOGRAPHY TO THE CLASSICS, 
BY SAMUEL BUTLER, D.D., F.R.S. 

REVISED BY HIS SON. 

FIFTH AMEEICAN, FROM THE LAST LONDON ED»T:3N, 

WITH QUESTIONS ON THE MAPS, BY JOHN FROST. 

In one duodecimo volume, half-bound, to match the Atlas. 



LEA AND BLANCIIAUD’S PUBLICATIONS. 


SCHOOL BOOKS. 


WHITE’S UNIVERSAL HISTORY. 


LATELY PUBLISHED, 

BXiEBIZSirTS OF UVriVERSAI. HISTORV, 

ON A NEW AND SYSTEMATIC PLAN; 

FROM THE EARLIEST I’TMES TO THE TREATY OF VIENNA : TO YTTirTT IS ADDED A 
SUMMARY OF THE LEADING EVENT.S SINCE THAT I’EKlOl), FOR THE 
USE OF SC1RX)IJ5 AND PRIVATE STUDENTS. 

BY H. WHITE, B.A., 

TKINITT COLLEGE. CAMBRIDGE. 

WITH ADDITIONS AND QUESTIONS, 

BT JOHN S. HART, A.M., 

Principal of the Philadelphia High School, and Professor of Moral and Menial Science, Ac., &c. 

In one volume, large duodecimo, neatly bound with Mnroon Backs. 

This work is arranged on a new plan, which is believed to combine the 
advantages of those lormerlv in use. It is divided into three parts, corre- 
sponding with Ancient, Middle, and Modern History ; which parf.s are again 
subdivided into centuries, so that the various events arc pro.sented in the 
order of time, wliile it is so arranged that the annals of each country can he 
road consecutively, thus combining the advantages of both the plans hitherto 
pursued in works of this kind. To guide the researches of the student, 
there will be found numerous synoptical tables, with remarks and sketches 
of literature, antiquities, and manners, at the great chronological epochs. 

The additions of the American editor have been principally confined to 
the chapters on the history of this country. The series of questions by him 
will he found of use to those who prefer that system of instruction. For 
those who do not, the publishers have had an edition prepared without the 
questions. 

This work has already passed through several editions, and has hern 
introdticed into many of the higher Schools and Academies throughout the 
country. From among numerous recommendations w’hich they have re- 
ceived, the publishers annex the following from the Deputy Superintendent 
of Common Schools for New York : 

Secretary’s Office, > State of New York. 

Department of Common Schools, i Albany, Oct. \\th, 1S15. 

Messrs. Lea Blanchard : 

Gentlemen:— i have examined the copy of “White’s Universal History,” which you were so 
oblidnR as to send me, and cheerfully and fully concur m the commendations of its value, a.s a com- 
prehensive and enlightened survey of the Ancient and Modern World which many of the most com- 
petent judges have, as I perceive, already bestowed upon it. It appears to me to be adinirahly 
adapted to tlie purposes of our public schools ; and I unhesitatingly approve. of its introduction into 
those seminaries of elementary instruction. Very resiiectfuUy, your obedient serv'ant, 

SAMUEL S. RANDALL, 
Deputy Superintendent Common Schools. 

This work is admirably calculated for District and other libraries ; an edition for that pnrpose 
without questions has been prepared, done up in strong clotln 


HERSCHEL L’S AS TRONOMY. 

A TKEATXSB OXV ASTROK OBIT, 

BY SIR JOHN F. W. HERSCHELL, P. R. 8.. tc. 

WITH NUMEROUS PLATES AND WOOD-CUTS, 

A NEW’ EDITION, WITH A PREFACE AND A SERIES OF QUESTIONS, 

BY S. 0. WALKER. 

In one volume, 13mo. 



LEA AND BLANCHARD’S PUBLICATIONS. 


LAW BOOKS. 

HILLIARD ON REAL ESTATE. 

NOW READY. 


THE AimERXCAN LAW OF REAL PROPERTY. 

SECOND EDITION, REVISED, CORRECTED, AND ENLARGED, 

BY FRANCIS HILLIARD, 

COUNSELLOR AT LAW. 

In two large octavo volumes, beautifully printed, and bound in best law sheep. 

This book is designed as a substitute for Cruisers Bieest, occupying the 
same ground in American law which that work has loiig covered in the 
Finglish inw. It embraces all that portion of the English Law of Real 
FiState which has any applicability in this country; and at the same time it 
embodies the statutory provisions and adjudged cases of all the States upon 
the same subject ; thereby constituting a complete elementary treatise for 
American students and practitioners. The plan of the work is such as to 
render it equally valuable in all the States, embracing, as it docs, the pecu- 
liar mod ilientions of the law alike in Massachusetts and Missouiii, New 
Yonic and Mississirn. In this edition, the statutes and decisions subse- 
quent to the former one, which arc very numerous, have all been incorpo- 
rated, thus makiiig it onc-third larger than the original work, and bringing 
the view of the law upon the subject treated quite down to the present lime. 
Tdic book is recommended in the highest terms by distinguished jurists of 
dilfcreiit Stales, as will be seen by the subjoined extracts. 

“ Th« work befnrn us supplies tliis deficiency in a highly satisfactory manner. It is beyond all 
question tlic best work of the kind that we now have, and altliongh we doubt whether Ihi.s or nny 
otlier work will be likely to supiilant Uruise’s Digest, we do iv»t hesitate to say, tiiat of the two, 
tliis is the more valuable to the American lawyer. Wo congrat ulate the author upon tlie success- 
ful accomplishment of the arduous ta.sk he undertook, in reducing the vast botly of the American 
Law of Real Prifiierty to ‘ portablo si4e,’ and we do not doubt that his labours will be duly appre- 
ciated by the pr()fes.sion.”— Law Reporter, Aug., 18t6. 

Judge Story :--“I think the work a very valuable addition to our present .stock of juridical 
literature. It embraces all that part of Mr. Cruise’s Digest which is most useful to American law- 
yers. But its higher value is, that it presents in a concise, but clear and exact form, the substance 
of American Law on the same subject. I A«ou» no work that we possess, whose practical utility is 
likely to Ite so extensively felt.** “ The wonder is, that the autlior has been able to bring so great a 
mass into so condensed a text, at once comprehensive and lucid.” 

Chancellor Kent sa3’s of tlie work (Commentaries, vol. il, p, 635, note, 5th edition) ” It is a work 
of great labour and intrinsic value.” 

lion. Rufus Choate says:— “Mr. Hilliard’s work has been for three or four years m use, and 1 
think that Mr. Justice Story and Chancellor Kent express the generdl opiiuon of tlte Massachusetts 
Bar.” 

Professor Greeuleaf says “ I had already found the first edition a very convenient book of refe- 
rence, and do not doubt, from the apiiearance of the second, that it is greatly improved.” 

Professor J. H. Townsend, of Yale College, says 

“ I have been acquainted for several years with the first edition of Mr. Hilliard’s Treatise, and 
have formed a very favourable opinion of it. 1 have no doubt the second edition will be fouml even 
more valuable tlian the first, and 1 shall be happy to recommend it as I muy have opportunity. I 
know of no other work on the subject of Real Estate, so comprehensive and so well adapted to the 
state of the law in this country.” 



LEA AND BLANCHARD'S PUBLICATIONS. 


LAW BOOKS. 

ADDISON ON CONTRACTS. 


A TXUBATZSE ON THE hAVT OF COZrTRJI.CTS AND 
BIGHTS AND UABILITIES EX OOHTBAOTV. 

BY C. G. ADDISON, ESQ., 

Of the Inner Temple, Barrister at Law. 

In one volume, octavo, handsomely bound in law sheep. 

In this frcnti.^fi upon tlie ino.«it constantly and frequently administered 
branch of law, the aiuhor has collecJcd, arranircd and developed in an intel- 
li^n'blo and popular form, tlie rules and principles of the Law of Contracls, 
and has supported, illustrated or exemplified them by references to nearly 
four thousand adjudged cases. It comprises the Rights and Liabilities of 
^Seller and Purchaser ; J..nndl()rd and 'I’enant ; Letter and Hirer of Chattels ; 
Borrower and Lender; Workman and I^mployer; Muster, Servant and Ap- 
prentice; Principal, Agent and Surety; Husband and Wife; Partners; 
Joint Stock Companies ; Corporations; Trustees; Provisional Committee- 
men ; Shipowners; Shipmasters; Innkeepers; Carriers; Infants; Luna- 
tics, &c. 


WHEATON’S INTERNATIONAL LAW. 

EEEMEHTS OF ZHTE BN ATZOH AX, XiA-Vir^ 

BY HENRY WHEATON, LL. D., 

Mini.ster of the United States at the Court of Russia, &c, 

THIRD EDITION, REVISED AND CORRECTED. 

In one large and beautiful octavo volume of G50 pages, extra cloth, or Bne law sheep. 

“Mr. Wheaton’s work Is indispensable to every diplomatist, statesman and lawyer, and necessary 
indeed to all public men. To every philosophic and libenil mind, tlie study must be an attractive 
and in the hands of our author it is a delightful one.”— NortA American, 


HILL ON TRUSTEES. 

A PRACTIC.\L TREATISE ON THE LAW RELATING TO TRUSTEES, 

THEIR POWERS, DUTIES, PRIVILEGES AND LIABILITIES. 

B7 JAMES HILL, ESQ., 

Of the Inner Temple, Barrister at Law. 

EDITED BY FRANCIS J. TROUBAT, 

Of the Philadelphia Bar. 

In one large octavo volume, bust law sheep, raised bands. 

“ The editor begs leave to iterate the observation made by the author that the work is intended 
principally for the instruction and guidance of trustees. That single feature very much enhances 
its practical value.” 

ON THE PRINCIPLES OF CRIMINAL LAW. 

In one 18mn. volume, paper, price 25 cents. 

BEING PART 10, OF “SMALL BOOKS ON GREAT SUBJECTS.” 



LEA AND BLANCHARD’S PUBLICATIONS. 


LAW BOOK S. 

SPBirOIS’S EQtT ITY J URISDICTION, 

THE EQUITABLE JURISDICTION OF THE COURT OF CHANCERy, 

COMPRISING 

ITS RISE, PROGRESS AND FINAL ESTABLISHMENT. 

TO WTTICH IS I'Rr:riXED. WMTH a view to tub EMTCfDATION OK THE MAIN SUB* 
JEtVr, A CONCISE ACi'OUNT OK THE I.EADING DOC'I'UfNES OK THE COMMON 
LAW, and ok 'I’Hi: COURSE OK PROCEDURE IN THE COURTS OK COM- 
MON I.AW, WITH HEOAKD TO CIVIL RIGHTS; Wri'H AN ATTEMKl' 

TO TRACE 'J'llEAI 'lU 'IIIEIR SOURCES; AND IN VMUCll 
THE VARIOUS ALTERATIONS MADE BY THE 
LEGISLATURE DOWN 'JO THE PRESENT 
DAY ARE NOTICED. 

BY GEORGE SPENCE, ESQ., 

One of her Majesty’s Coansel. 

IN TWO OCTAVO VOLUMES. 

Volume I., eni))ra(’.ins; the Princi['les. is now reaily. Volume II. is rapidly preparins- and will 
appear e:irJy lu 1818. It is hased iijioii the work ui Mr. Muddock, hrou^lit down to the present 
tune, and eniljracing so niuoli of the piiuiLiee as counsel are culled on to advise upon. 


A X7Z!W Z.AW DICTZONAHir, 

CONTAINING EXPLANATIONS OK SUCH TECHNICAL TERMS AND PHRASES AS OCCUR 
IN THE WORKS OK LEGAl. AUTHORS, IN THE PKACl'lCE OK 'IHE COURTS. 
AND IN THE PARLIAMENTARY PROCEEDINGS OF THE HOI’SE OK LORDS 
and commons, 'lO WHICH IS ADDED, AN OUTLINE UK AN 
ACTION AT LAW AND OF A SUIT IN EQUITY. 

BY HENRY JAIVIES HOLTHOUSE, ESQ., 

Of ttie Inner I'eniple, Special Pleader. 

EDITED FROM TTIE SECOND AND ENLARGED LONDON EDITION, 

WITH NUMEROUS ADDITIONS, 

BY HENRY PENINGTON, 

Of the Philadelphia Bar. 

In one Inrpe volume, royal 12iiio., of about 500 pafre*®. double columns, handsomely 
houiitl in law sheep. 

“ This is a ennsiderahle iniproveuient npi n the former edition»!. being iMinnd with the usual law 
bindiii!;. and tlie ireiieral execuiioii adniiralile — the paper e.xeellent, and tin; iiniitme clear and 
Iieaiiliful. Its [leculiar u.seluiiies.s, luovcver, consis s iii the valuable aildiinms above referred to, 
beinj; intelligible and well <levi.>.*-i lefimtiniis of such phrases and teohnicaliMus as are peculiar to 
the practice in the touris of mis e(nin rv. — V\ tide, therefore, we recoinineiul il esfiecially to the 
stuilcnts of law, as a safe guide ihrough ilie intricacies of Iheir study, it will nevertheless be found 
a valuable acquisition to the library of the practitioner hiinselt'.” — AUx. Gazette. 

“ 'lids Work is intended rather for tlie general student, than as a substitute ft)r many abridgments, 
digests, and dictionaries in use by Hie professional man. Iis otijecl priucij.ally is to impress accu- 
rately and distinctly u|K)n the mind the meaning of the technical terms of ihe law, and as such 
can hitrlly tail to he gi iieniUv nst l'iil. Tliere is much curious infonnarioii to he found in it m re- 
pird to Ihe peculiariiivs of the ain’ient Saxon law. The additions ut the American edi'ioii give 
increased value to the work, and eviiua) much accuracy and care.’’ — Pennsylotjuij. Lau> JounuiL 

TiLirZiOa’S MEPI OAI. J XJRISPRUPEMrOE. 

A PRACTICAL TREATISE ON MEDICAL JURISPRUDENCE. 

BY ALFRED S. TAYLOR, 

Lf cturer on Medical Jurisprudence and Chemistry at Guy’s Hospital, fxmdun. 

With numerous Notes and Additions, and References to American Law, 
BY R. E. GRIFFITH, M.D. 

In one volume, octavo, neat law sheep. 

TAYLOR’S MA3YVAZ. OF TOZICOZ.OG7. 

IN ONE NEAT OCTAVO VOLUME. 

A NKW WORK, NOW READY. 

TRAZIaZi’S 

OUTLINES OF A COURSE OF LECTURES ON MEDICAL JURISPRUDENCE. 

IN ONE SMALL OCTAVO VOLUME. 



LEA AND BLANCHARD’S PUBLICATIONS- 


LAW BOOKS. 


E A S T'S RE P O R T S. 

REPORTS OF CASES 

ADJUDGED AND DETERMINED IN THE COURT 
OF KING’S BENCH. 

WITH TABLES OF THE NAAfES OF THE CASES AND PRINCIPAL MATTERS. 

B7 EDWARD HYDE EAST, ESQ., 

Of tlie luner Temple, Barrister at Law. 

EDITED, WITH NOTES AND REFERENCES, 

BY G. M. WHARTON, ESQ., 

Of the Philadelphia Bar. 

In eight large royal octavo volume.^, bound in best law sheep, raised bands and double 
titles. Price, to subscribers, only twenty-five dollars. 

In this edition of East, the sixteen volumes of the former edition have 
been compressed into eight — two volumes in one throughout — but nothing 
has been omitted ; the entire work will be found, with the notes of Mr. 
Wharton added to those of Mr. Day. The great reduction of price, (from 
$72, the price of the last edition, to $25, the subscription price of this,) 
together with (he improvement in appearance, will, it is trusted, procure foi 
it a ready sale. 

A NEW WORK ON COURTS-MARTIAL. 

A TREATISE ON AMERICAN MILITARY LAW, 


PRACTICE OF COURTS. MARTIAL, 

tVITH SUGGESTIONS FOR THEIR IMPROVEMENT. 

BY JOHN O’BRIEN, 

UEUTENAXT UNITED STATES ARTILLERY. 

In one octavo volume, extra cloth, or law sliuep. 

“ This work stands relatively to American Military Law in the same position that Blackstone's 
Commentares stand to Common Law.”— U, S. Gazette. 


CAMPBELL'S LORD CHANCELLORS. 

LIVES OP THE LORD CHANCELLORS AND KEEPERS OP 
THE GREAT SEAL OP ENGLAND, 

FROM THE EARLIEST TIMES TO THE REIGN OF KING GEORGE IV., 

BY JOHN LORD CAMPBELL, A.M., F.R.S.E. 

FIRST SBRIES9 

In three neat demy octavo volumes, extra cloth, 

BRINGING THE WORK TO THE TIME OF JAMES H., JUST ISSUED. 

PREPARING, 

SECOND SERIES, 

In four Tolumei, to match, 

CONTAINING FROM JAMES 11. TO GEORGE IV. 





CATALOGUE 

OF 

LEA « BLANCHARD’S 

PUBLICATIONS. 


NEW AND REVISED EDITION. NOW READY. 

LYNCH’S DEAD SEA EXPEDITION. 


NARRATIVE OF THE UNITED STATES EXPEDITION 


TO THE RIVER JORDAN AND THE DEAD SEA. 


BY W. F. LYNCH, U. S. N., 

Commander of the Expedition. 

In one large and beaut iful octavo volume, of over five hundred pages. 

With Maps and Numerous Illustrations, executed in the handsomest style. 

LIST OP ILLUSTRATIONS. 


MAPS. 


Sketch Map of the River Jordan, ) /v 
Sketch Map of the Lead Sea, 5 ^ 


scale, from accurate surveys. 


Camp on the River Beliis. 

'Akil Aga. 

Sherif of Mecca. 

Caravan of the Expedition. 

Tiberias. 

Ruined Bridge of Semakh. 

Jum’ah. 

View on the Jordan. 

Sherif Mjissa’d, h]mir Nassir, and Beni 
Sukr Sheikh. 

Pilgrims Ihithing in the Jordan. 

Shore of the Lead Sea. 

Ain Jid 3 ^ 

Pillar of Salt. 


■Masada. 

Christian Arabs of Kerak. 

Sheikh of Mezra’a. 

Wad}' M('jeb. 

(rreek Archbishop. 

Toiiih of Absalom. 

Garden of Gethscmtine. 

Tombs in the valh’V ot* Jehoshaphat. 
Greek Priest at Nazareth. 

Fountain of Nazareth. 

Great Sheikh of the 'Anazeh Tribes. 
Baal bee. 


TWENTY-EIGHT PLATES, BEAUTIFULLY EXECUTED ON WOOD. 
Source of the Jordan. I A TaMmirali. 

: Mustafa the Cook. 


CONTENTS. 

Chapter I. — Introduction. II. — From New Y'ork to Port Mahon. 111.— From Port Mahon to 
Smyrna. IV. — From Smyrna to Constantinople. V. — Constantinople and Voyage to Syria. VI. — 
From Beirfit to departure from St. Jean D’Acre. VH. — From St. Jean D'Acre to departure from 
the Sea of Galilee. VIll. — From the Sea of Galilee to the Falls of Biik'ah. IX. — From the Falls 
of Buk’ah to the Fourth Camping Place on the Jordan*. X. — From the Fourtli Camp on the Jordan 
to the Ford of SckH. XI. — From the Ford of SekS to Pilgrim’s F«>rd. XII. — From Pilgrim’s 
Ford to First Camp on the Dead Sea. XIII. — From Ain el Toshkhah to Ain Jidy (Engaddi.- 
XIV. — Expedition around the Southern Sea. XV. — Excursion to Masada. XVI. — From Camp to 
the Capital oi’Moab. XVII. — Cruise along the Arabian Shore. XVTII. — From the Outlet of the 
Hot Springs ofCallirhoe to Ain Turribeh. XIX. — From the Dead Sea to the Convent of Mar Satya. 
XX. — From Mar Saba to Jerusalem. XXL — Jerusalem. XXII. — From Jerusalem to Jaffa. 
XXIII. — From Jaffa to Nazareth. XXIV. — From Nazareth to the Source ofthe Jordan. XXY. — 
From the Source of the Jordan to Damascus, Ba’albek, BeirQt, and Home. 


From this summary of the Contents, it will he seen that the Expedition explored all of the most 
interesting spots of the Holy Land. They were examined with great care, especially those of 
which there is little or no authentic information ; and the results will be found embodied in this 
volume. As the official account ol an expedition which has attracted no small share of public atten- 
tion, it has much interest for the general reader, while to the biblical student it will be necessary 
for the proper understanding of the Geography ofthe Holy Land. As a xvork of art, too, it merits 
attention ; neither care nor expense has been spared to render it worthy its national character. 
It is printed on large type and fine paper; the illustrations arc very numerous, presenting the 
most interesting points connected with the Expedition, and have been engraved in the best style 
of the art j and the whole may confidently be presented as equal, if not superior, to any original 
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LYNCH’S DEAD SEA. (Continued.) 

This book, so long anxiously expected, and deep science of philosophy for the student, 
fully sustains thehopcss of the most sanguine and It will at once add greatly to the knowledge of 
fastidious. It is truly a magnificent work. The the interesting regions explored, and to the well- 
fvpe, paper, binding, stylo, and execution, are earned fame of the accomplished author. It will 
all of the best and highest character, as are also soon find n place in every well-selected library 
the maps and engravings. It will do more to cle- in the country. — Albany Evening Jaurnal. 
vate the character of our national literature than The maps alone, drawn as they are from actual 
any work that has appeared for years. The in- survey, and changing as they do all our previous 
irinsic interest of the subject will give it popu- ideas of the course of tlie Jordan and the con- 
larity and immortality at once. It must be read figuration of the Dead Sen — are an ample return 
to be appreciated ; and it will be read extensive- for the trouble and expense of the Expedition. 
]y, and valued, both in this and other countries. Messrs. Lea & Hlanchard deserve the thanks 
— Lady^s Book j Avgust, 1849. of the reading world for the splendid style fn 

Lieut. Lynch's book must he pronounced of which tlie work is executed. Maps, engravings, 
great value, not only for the additions which it typo, paper, and printing, are all in lirsf-rate 
makes to our knowledge, hut as the authentic re- style — all worthy of a national work. — Scotfs 
cord ofan enterprise in the highest degree honora- Weekly Paper. 

hie to all the parties concerned. In our esteem the The publication of this W’ork has hern looked 
value of the work is greatly rnlianced by the on- for with so much interest, that w e expect to 
grivings. The interest of these lies in their re- gratify many readers by giving it an extended 
presenting subjects mostly new to those w ho have notice. Indeed, the intrinsic merits of the work 
!>een wearied witli the five hundroth repetition claim for it more than ordinary atlenti«)n and ex- 
of the same scenes and objects. The views on the ainination. The scene ofexploration is hallowed 
Dead Sea are of special and remarkable interest, by historic assoe.iatif>ns, and possesses other and 
and the eosluine figures are also striking and sug- peculiar features of interest, ami it is quite' natural 
gestive. — Korlh British IlcvieH\ Avgust , 1849. that every intelligent Christian and philaiilliropist 
A large and elegant volume of marked interest should await w itli eager curiosity, a narrative of 
and of decided value. The Expedition, as our personal observation of the present appearance 
readers are aware, was conducted under the j of those inlere.^-ling locaJilies. Sueh a fine will 
authority of the United States, and resulted in a j he glad of the nssuraner, that in Lieut. Lynch’s 
rnueh more satisfactory exploration of the region j book he will find a succinct, direct, pleasing ac- 
visited than had ever beibre been made. The j count of those scenes whirh, under slndter of 
hook is very handsomely printed, and contains | our national flag, he successfully exjilored. 
munerous spirited [dctonal illustrations. — E. 1'. | The record he has criven ofllie scenes through 
Courier and Enquirer. i whicli they jiassed will be eagerly perused by 

A most elegant volume ofoOO pages, profusely j his coiii.tryinen, and will he a lasting memorini 
illustrated with beaulirul plates arnl majis. 'J’he , of a great national enterprise Kkilfnlly consum- 
.styie of the work is at once simple and capti- ; mated. — .V. Y. (tonimercial- Advertiser. 
vating, possessing all the interest of a romance Lieut. Lynch, the commander, entered upon 
as well as the Bterilng excelience of a reliahle , the service with a degree of enthusiasm which 
statement of facts. It is worthy to he ranked : foretf*kcned the comph.to success Im; has at- 
wit!) Layard's great work on Nineveh. — Pliita. tamed; and tin* work he has given to ihf? public 
Evening Bulletin. ■ is among the most valunhle of the results of bis 

The present volume is a well-written narra- • enterprise ami cltbrts. It is a lively, spirited, 
tive, filled with 1 ively and interesting <loscriptions ■ agreeahh; description of the varimis ohji'cta he 
of tlic country ami the jie.fqile, Jind the remark- ■ saw, and convoys a vivid idea of many of the 
able scenes and incidents lie met with, besides ■ most interesting scoiies, which, to the ( hristian 
having the merit of being a reliable work in all j mind, the world can offer. The work is etnbcl- 
its Blatoments. This volume, we are satisfied, lished by niimort)iis and well-executed maps and 
w'ill be much sought after. — Phila. Ledger. engravings. — North American. 

When, how ever, he fairly “ gets under weigh,” lathe work he.l’ore us, he describes, in an eaay, 
every page possesses interest, and we fidlow him flowing, yet graphic style, the progress of his 
with eagerness in his perilous and tortuous voy- voyage, the various places visited, and many 
age down the Jordan, and his explorations of the scenes and objects of great interest, w hich came 
mysterious sea, upon which the curse of the A!- under his observation in his journf'yings in the 
raighty visibly rests, llis privations, tods^ and Land of Israel and Moab, as well as the various 
dangers were numerous, hut were rewarded by phenomena of the lliver and Sea, which he was 
success where all other-shad fiiiled. He has con- sent to explore. — The varifms information which 
tributed materially to our knowledge of scriptural the intelligent reader will derive from it, will am- 
geography, particularly in his charts of the Jordan ply reward him fora perusal. — Christian Obsei’ver. 
and Dead Sea, which he fully exfilorcd. If our This is a work that well deserves to be exten- 
fieadcrs wish to know all he has done, they must sively read. It is not only interesting from the 
procure and read his hook; we cannot give even sacred associations connected with tlie scenes 
an outline of it. We can only add, that the pub- which it so graphically describes, hut also from 
lishers have done their full duty in their depart- the familiar and unaffected style of its narrative, 
ment, and the maps and plates are all that could It is a work that should find a place in every 
he desired. — Presbyterian. library, and we commend it to the perusal of the 

It is splendidly got up, and constitutes one of public with the utmost confidence, that they will 
the most useful and deeply interesting volumes consider the time well spent that is bestowed 
that has recently been issued from the press. It ^ upon its pages. It is printed in a style of beauty 
running over with graphic pictures for the j and excellence that makes it additionally attrao* 
poet, stirring adventure for the common reader, • tive. — Charleston Mercury. 

MISS MARTINEAU»S NEW WORK. 

EASTERN LIFE, P^SENT AND FAST, 


MA * BLANCHAETO «EW PUBLIOATIONa 


HAGNIFIOENT presentation fORK. 


XVow &eady> 

IRISH MELODIES, 

BY THOMAS MOORE, Esq. 

With Notes and Autobiographical Prefaces. 

lliLVSTRATBD WITH BBAUTIPITI. STBEIi PIM.TB8, 

ENGRAVED UNDER THE IMMEDIATE SUPERINTENDENCE OF MR. EDWARD FINDEN. 

In one large imperial 4to. volume of 174 pages, handsomely bound in extra cloth, with gilt edges. 

BEAUTIFULLY PRINTED ON SUPERIOR PAPER. 


LIST OF PLATES. 


Nora Creina, - - 

Rich and Rare were the Gems she Wore, 
Eveleen, ------ 

Love s Young Dream, - - - - 

Lesbia, ------- 

Kathleen and St. Kevin, - - - 

The Hamlet's Pride, - - - - 

Laughing Eyes, _ _ - - - 

The Mountain Sprite, - . - 

The Desmond’s Love, - - - - 


Painted by W.P. Frith, 
“ W. Fisher, 

« R. T. Bott, 

“ A. Derby, 

« W. P. Frith, 
“ E. Hawkes, 

“ W. Room, 

« W. P. Frith, 
“ F. Wood, 

“ F. Crowley, 


Engraved by E. Finden. 

« W. H. Mote. 

“ E. Findeft. 

“ E. Finden. 

“ W. Hoir. 

“ W. Holl. 

« W. Edwards. 

“ E. Finden. 

E. Finden. 

** W. Edwards. 


The care which has been exercised in every portion of this volume, both as to its mechanical and artisii- 
oa1 execution, renders il in all respects well worthy of the ‘frish Melodies.” In illustrations, type, printing, 
paper, and binding, it is etjual to anything tlial has as yet appeared in this country ; and as a work whose at 
traction is not confined to a single season, it should command the attention of the public. 


Now Ready— INGERSOLL’S NEW WORK. 

HISTORICAL SKETCHTf THE SECOND WAR 

BETWEEN THE UNITED STATES OF AMERICA AND 6REAT BRITAIN, 

DECLAKER BY ACT OF CONORESS THE IStli OF .JUXE. 1812 , 

AND CONCLUDED BY PEACE THE loth OF FEBRUARY, 1815. 

BY CHARLES J. INGERSOLL. 

CmBR A€I1VC>} THE EVEIWTS OF 1.S14. 

In one well-printed 8vo. Volume of 318 pages, double columns, paper covers, price One Dollar. 
Mr. IiigersolPs po.«ition as a member of Congress during the wHir of I'll'J. and for intinv years since, has 
afforded him unuj^ual opportunities for the collection of iriformulion from all sources, foreign and domestic, 
public and private. Of these advantages lie has ava led himself, and the result is an immense atnouni of cu- 
rious and mieresniig mailer, wliich now ‘’-'■‘s the light for the first nine, and elni'idaies many hitherto doubtful 
points respecting the m<m and measures oi that period. The volume is not confined to the mere details of the 
naval and military conflicts, but treats particu'arly of the legislative action, poliiioal nioveinenis. and causes 
and consequences of the struggle, together with sketches of the prominent actors Among other matters wdl 
be found a chapter on the Bank of the United States, from its charter to its winding up. with a plan of a bank 
from Cicneral .Tuck son. 

Persons residing in the country can obtain this book^ through the Post-Office, by a remittance of One 

Dollar to the Publishers. 


KENNEDY'S LIFE OP WIRT. Now Ready. 

MEMOIRS OF THE LIFE OF WILLIAM WIRT, 

BY JOHN r. KENNEDY. 

Ip two large and handsome 8vo. vols., with a Portrait and fac-simile of a letter from John Adams. 

The wliole of Mr. Win’s Papers, Correspondence, Diaries, Ac., having been placed in the hand.sofMr. 
Kennedy, to be used in this work, il will contain niiicb that is new nnd interesting relating to the political 
history of ihe times, as well as to the private life of Mr. Wirt. 

One of the most valuable books of the season, and certainly one of the most enieriaining works ever pub- 
lished in this country. Mr. Kennedy is adiiiirably qualified for ihe preparation of such a work, and has evi- 
dently had acee.^s to a great variety of useful material. The work is one which should be in the hands of 
every young man in the country. Its intrinsic iiiieresl wmII secure it a very general popularity. —A". Y. Cou- 
rier and Enejuirtr. 

The genius of the author and the popular character of his subject insv -e an equally iuieresting and valua- 
ble book, which It would be superfluous in us to commend, in any labored terms, to the attention ©four rea- 
ders. ft 18 an indispensable addition to the libraries of all intelligent Americans. It is got up in the best style, 
in two large, and very handsome octavo volumes, einhellished with a mczr.otmt likeness of Mr. Wirt from a 
portrait by Charles B. King —Philadtlphia North American. 

The fascinating letters of Mr. Wirt.oncof the most brilliant and agreeable men of the day, in themselves 
furnish a rich fund of instruction and enjoyment.— KrcAmon// Inquirer 
This work has heen looked for with much interest by the public, and will not disappoint the high expeeta- 
Uons justly based upon the well known talents of ihe author, nnd the abundant materials left by the distin- 
guished orator and jurist, to which he has bad free access ^Baltimore American. 

The siyle is at once vigorous and fascinating, and the interest of the most absorbing character —PA tlodsl- 

nhv* TftQutfMr 
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NOW COMPLETE, « 

STRICKLAND'S QUEENS OF ENGLAND, 

New and Improved Edition. 

LIV^ OF 

THE QUEENS OF ENGLAND| 

FROM THE NORMAN CONQUEST. 

WITH ANECDOTES OF THEIR COURTS: 

Now First Published from Official Records, and other Authentic Documents, Private as well as Public, 
New Xldltioiiy with. Additions and Corrections. 

BY AGNES STRICKLAND. 

Jn six volumes crown octavo^ extra crimson clothe or half morocco, printed on 
fine paper and large type. 

In this pdition, Volumo One contains Vols. 1, 2 and 3 of the 12mo. edition; Volume Two 
contains Vols. 4 and 5; Vol. Three contains Vols. 6 and 7; Vol. Four contains Vols. 8 and 9; 
Vol. Five contains Vols. 10 and 11; and Vol. Six contains Vol. 12. The whole forming a very 
liandsome series, suitable for presents, prizes, &c. 

The pablishers have great pleasure ir» presenting to the public this work in a complete form. During the 
long period in which it has been issuing from the press, it has a.ssumed the charaeterof a siamlnrd work ; and 
as occupying ground hitherto untouched, as embodying numerous historical facts heretofore unnoticed, and 
as containing vivid sketches of the. characters and inanhersof the times, with anecdotes, documents, Ac. Ac., 
It pre.sentB numerous claims on the attention of both the student of history and the desultory reader. 

Those who have been awaiting its completion can now obtain it, forming a handsome set, twelve volumes 
m SIX, in various styles of binding. 

It will be observed that this work pressents an uninterrupted history of the Tourt of Englattd and of the 
Royal Families from the Norman Conquest to the accession of the House of Hanover, naturally embracing 
an immense amount of singular and interesting matter, to be met with nowhere else. 

These volumes have the fascination of a romance united to the integrity of history. — Times. 


NOW READY. 

MACKAY»S TRAVELS IN THE UNITED STATES. 

THE WESTERN WORLD; 

OR, TRATEI..^ IN THE VIVITED STATES. 

Exhibiting them in their latest development, Social, Political, and Industrial. 

INCLUDING A CHAPTER ON CALIFORNIA. 

BY ALEXANDER MACKAY, Esq. 

From the Second and enlarged Loudon Fdition, 

In two very neat volumee, royal ]2ino. 

This is not the work of a six months’ traveller in this country, who adopts all his ideas of the “Model Re- 
public” from the life he sees in steamboats, railroad cars, and hotels. Mr. Mackay spent some years in the 
United Stales, made himself thoroughly eonversani with our national genius and character, and with our 
peculiarities, political, social, moral, find religious. These he describes with the spirit and vivacity of a 
keenly observant man. but with the kindness of a friend; and while he does not hesitate to express disap- 
probation where he coiisideTs it deserved, he is totally free from the sweeping and indiscriininating censure 
of the Trollopes and Basil Halls. 

SDMERYILll’S PHYSICAL GEOGRAPHY.— Hew and Improved Edition— Now Beady. 

PHYSICAL GEOGRAPHY. 

BY MABY SOMERYUBE, 

AUTHOR OF “ THE COWNECTIOW OF THE PHYSICAL SCIENCES,” ETC. ETC. 

SECOND AMERICAN EDITION, 

JFrom ih* &*eond hond^n JBdiiion* 

WITH AMERI0AN NOTES, GLOSSARY, &c. 

In one neat royal 12fno. vol., extra cloth. 

The great snccesB of this work, and its introduction into many of the higher schools and academics, have 
indaced the publishers to prepare a new and much improved edition. In addition to the corrections and im- 
prorements of the author bestowed on the work in its passage through the press a second time in London, 
much has been introduced to adapt it more fully to the physical geography of this countr>’; and a comprehensive 
gfossary has been added, rendering the volume more particularly suiUd to educational purposes. Notwith- 
standing these additions and improvements, the publishers, with a view to an increasing and extended sale, 
Irave recced the price about one third, thus placing the work within the reach of all. 

The present work is of the muitufn in parvo class, giving within convenient compass an admirable sum* 
laary of the geography, topography, and natural history of the four great continents of the earth W e know 
if — . mn mitAtVi information of a valuable kind in an available form. The 
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" PJBnOJB*8 MfB»AJyCM8 THE EIB8T,-JVow B*4tdp, 

THE COURT AI¥D REIO]¥ OF 

FRANCIS THE FIRST, KING OF FRANCE. 

BY MISS PABDOE, 

AUTHOK OF “ LOUIS THE FOURTEENTH,” “ CITY OF THE SULTAN,” &C. &C. 

In two very neat volumes, royal 12ino., extra cloth. 

“A contest for empire, a captive monarch, a female regency, and a religious war; the poisoned bowl and 
the burning pile alike doing their work of death amid scenes oruncalculaiing splendor and unbridled dissipa- 
tion; the. atrocities of bigotry and intolerance, blent with the most uniilushing licentiousness, atnl the most 
undisguised profligacy such are the materials oflTered to the student of the times of Francis I.” These words 
of Miss I’ardoe, extracted from the preface, sufficiently descrilie the snhjeel of her work, which is one of un- 
doubted ijilercst, and has been got up i)y\he publishers in a very handsome form.— JVori/i Aynerican. 


BJiBOjy HUMBOhnT^S JVEW* W'OBK, J\*Ow Beadff, 

ASPECTS ^ NATURE, 

IN DIFFERENT LANDS AND DIFFERENT CLIMATES. 

With Scientific Elncidations. 
liV ALEXANDER VON HUMBOLDT. 

TRANSLATED BY MRS. SABINE. 

In one very neat volume, royal 12mo., extra cloth. 

“It is not without diffidence that I present to the public a series of papers which took their origin ir. the pre- 
sence of natural scenes of grandeur or beauty, on the ocean, in the forests of the Orinoco, in the Steppes of 
Veiiezeula, and in the mountain wildernesses of Peru and Mexico. Detached fragnTcnls were written down 
on the spot, and at the moment, and aftcrwtirds moulded into a whole. The view of nature on au enlarged 
scale, the display of the concurrent action ofvartous forces or powers, and the renewal of the enjoyment whicn 
the immediate prospect of tropical scenery affords to sensitive minds— are the objects which I have pro- 
posed to myself. ’— Author’s PfiEFAcii. 

WILKES’ CALIFORNIA— A New Work— Just Issued. 

WESTERN AMERICA, 

INCLUDING OREGON AND CALIFORNIA. 

With Maps of those Regions and of the Sacramento Valley. 

BY CHARLES WLI.KES, U.S.N., 

COMMANDER OF THE UNITED STATES KXFI.ORlNCi EXPEDITION. 

Octavo. Price 75 cents, 

HISTORY OF ENGLISH LITERATURE— Just Issued. 

OUTLINES OF ENGLISH LITERATURE. 

BY THOMAS B. SHAW, M.A. 

In one large and handsome volume of 434 pages, royal 12mo., extra cloth. 

Supplies a want long and severely felt.— Sou t/iern Literary Gazette. 

An admirable work— graphic and delightful.— Praasi/haufaH. 

The best publication of its size upon English Literature ihuiwe have ever met with.— AW.t Sa/utday 
Gazette. 

Eminently readable — Cdty Item. 

A valuable and very inierestiiig volume, which, for various merits, will gradually find its way into all 
libniries.— iV. Y. Knickerbocker. 

Traces our literary history with remarkable zest, fairness, and intelligence.— iV. Y. Home Journal. 


ZOOLOGICAL RECREATIONS -Just Issued. 

BY W. J. BRODERIP, ESQ., F.R.S., ETC. 

In one neat volume of 370 pages, royal 12mo., extra elotli. 

Thi.s is one oftbo.se delightful iKioks which arc made tip of description, narrative, and .setitirnent all mingled 
together, in that easy, ofl' iiand, rendable style which results from the uuihcr’s habiis as a smdtMii of nature, 
and his extensive reading in general literature, together with a lively, good-natured, geuml spirit, W'liieh is 
so iinporiant to a writer who would effectuallv gam our good-will. We have seen no book to he compared 
with it since Uie publicaiioii of Waleriou’s Wanderings." — Wtekly Messenger. 


DICKENS’ NE W WORK. 

DAVID COPl’ERFIELD. 

To bo coinpletocl in 20 JVumbers, at Fli c CenlN each. 

UNIFORM WITH LEA & BLANCHARD'S COMPLETE EDITION OF DICKENS' WORKS. 

Fourth Volume of L. &. B.’s Collective Edition of Dickens’ Novels and Tales will be completed 
with ‘‘ David Copoerfield.” and will also contain “Doinbev and Son,” all the Christmas Tales, and the *'Pic- 
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CAMPBELL’S LORD CHANCELLORS. 

Now Complete in Seven Volumes. 

LIVES OF THE LOUD CHANCELLORS 

AND 

KEEPERS OF THE GREAT SEAL OF ENGLAND, 

TROM 

THE liRllEST TIMES TO THE REIGS OF KING GEORGE 1?. 

BY JOHN LOPvD CAMPBELL, F.R.S.E. 

Now complete in seven handsome crown octavo volumes, extra cloth. 

Of the solid merit of the work onr .iudjrmeiit may he gaihered from what has already been said. We will 
add, that from iis inlinile fund of anecdoie, and happy variety of style, the book addresses itself with equal 
claims to the mere fyeneral reader, as to the lepal or historical inquirer ; and while we avoid the siereoiyped 
commonplace, of aflirmiiijr tliat no liltrary can be complete without it. we feel constrained to atKird ii a higher 
tri!)Uie by pronouncing ii entitled to a distinguished place on the shelves of every scholar who is fortunate 
enough to possess it — Fiazer's Magazine. 

A work which will take its place in our libraries h.« one of the most brilliant and valuable contributions U> 
the literature of the present day. — Athenccum. 

FRANCE UNDER LOUIS PHILIPPE. 

THE HISTORY OF TEN YEARS, 18B0— 1840: 

OR, FRANCE UNDER LOUIS PHILIPPE. 

HY LOUIS BLANC, 

Secretary to the Provisional Government of 1P49. 

Translated by WALTER K. KELLY. 

In two handsome crown octavo volumes, extra cloth, or six parts, paper, at fifty cents. 

This is a remirkable work. Tlie ten years, 1 ^3^-1 ‘•40. were troubled, stirring, ami important times to every 
Europeati naiion— to none so much as France ♦ # # ‘'liMlistoire de Dix Ans*’isoneof those works so 
often lihelleil by being called as interesting as a novel. It is a narrative of events, real, striking, absortiing — 
the subjects of immense interest to all leaders— the style unusually excellent.— Foreign Quarterly Rev^iew. 

HISTORY OF THE FRENCH REVOLUTION OF 1789. 

BY LOUIS BLANC, 

Author Of Fran’ck under Louis Puilii’pe,” &c. 

TRANSLATED FROM THE FRENCH. 

In one volume, crown octavo. 

STEHmETZ’S HISTORY OF THE JESUITS. 

HISTORY OF“tHE JESUITS. 

FROM THE FOUNDATION OF THEIR SOCIETY TO ITS SUP- 
PRESSION BY POPE CLEMENT XIV. ; 

THEIR MISSIONS THROUGHOUT THE WORLD; THEIR EDUCATIONAL SYSTEM AND 
LITERATURE; WITH THEIR REVIVAL AND PRESENT STATE. 

By ANDREW STEINMETZ, 

Author of ‘‘The Novitiate.” and “The Jesuit in the Family,” 

In two handsome crown octavo volumes of about four hundred pages each, extra cloth. 

HERVEY’S COU^ OF GEORGE II. 

MEMOIRS OF THE REIGN OF GEORGE THE SECOND, 

FROM Ills ACCESSION 

TO THE DEATH OF QUEEN CAROLINE. 

BY JOHN LORD HBRVBY. 

EDITED, FROM THE ORIOIPTAL MANUSCRIPT, AT ICKWOBTH, 

“ ~ iirTT on AT T.T. P H iter. 
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LIBRARY OF ILLUSTRATED SCIENTIFIC WORKS. 

UNDER THIS TITLE LEA & JU^ANCUARD ARE PUBLISHING 

A SERIES OF BEAUTIFULLY ILLUSTRATED WORKS, 

ON VARIOUS RRANCilES OF SCIENCE, 

BY THE MOST DISTINGUISHED MEN IN THEIR RESPECTIVE DEPARTMENTS. 

Printed in the handsomest style, and embellished in the most efficient manner. 

expciipc has been or will be spared to render ibis s«*rics worthy of ilie support of tlie scientific pul*- 
Wc, and at ilie same time one of llie hundsomesl specinieiis of lypograpbieul and arli.'siie execution winch 
have appeared in this country. 

Specimens of the Etigrat'ings and style of the volumes may be had on application to the jtuhlishers. 


MULLER’S PHYSICS- LATELY ISSUED. 

P 11 1 N C"l P L E S 

OF 

PHYSICS AND METEOROLOGY. 

BY PROFESSOR J. MULLER, M. D. 

EDITED, WITH ADDITIONS, BY R. EGLESFELD GRIFFITH, M. D. 

In one largo and hand.sorne octavo volume, with 650 wood-cuts, and two colored plates. 

This is a book of no ordinary or ephemeral value. Ii is one of a series, now repuMisliing in Jx>n(1on. on the 
ALfferenl branches of scieuce, wiiieh, from its ihorouf!:ii character and exit^nded ran^e. is rmich needed in 
this country. Its <lesifj;ti is to render more ea.«ily uc<’e.-s!!<le an ex't<*Msivf knowJedcre o' the itmcrai princifiles 
of physics and meteorolo'jry ; and the distinguished auilior has eeriamly reaii/.ed the d.i's t^n to a wonderHil 
extent. I'lie Huhjeeis treated upon are very numerous— stai.o. Iiydrostuiics ilyiianiu s. hydro lyiiamies, pneu- 
matics, the laws of the motion^ of waves in general, sound, the theory o1 niusieal tin* voice and hearing, 

geometrical and physical optics, miigneti^in. electricity and guivan. sin. in all their subdivisions, heat and 
meteorology. 'Fho si/e is nevertheless eoiivcnicnt— one hainh'-otne octavo volume, of six hundred pages — 
in clear, bold lypti, and profusely illn-trated In the cxreuiioii ot lue illustiatjons we have rarely seen any 
tiling equal lo tins American euition.- A'. V. CofHniernnl. 

This IS a largi^. elenani, und most mlmirable volume.— the firM of a series of scientific hooks now passing 
through the press in l^ondou. and which cannot fail to cmninend tlicrnsclves to ihe fnvor of all who take anj 
interest in the progres's of science among the great mass of the people. Ttie atiihor is one of the most distin- 
guished scientific men in Germany, ami these works have been prepared with the utmost care, and are put 
forth in a form admirably adapted to secure that wide circulation and universal favor which lliey deserve.— 
N. Y. Co urirr and l)i<iuirrr. 

The Pliysics of Muller is a work superb, complete. uni»iue: the greatest want known to Phiglish Science 
could not have been belter supplied. 'J he svork is of surpu.ssing interest. The value of this contrilniiion to 
the. scientific records of ilii.’! country may be duly estimated by ilie fact Uiat the cost of the original drawiago 
and engravings alone has exccciteii tlic sum ol'.t‘i (KHt — Lo/ir.t. 

A work of which all parties may be proud — Colonization Herald. 

Au excellent work, fully and elegantly lilu-strated.— Journal. 

From Pr(>/tssor Renvick. of Princeton University. 

I have been much gratified with the style in which the work is got up. It is not only highly creditable to 
ffie publishers, in comparison with other American books of a similar character, but will stand on an equality 
with the best foreign editions. 

From Professor W H. Fartlttt, U. S. Military Academu '. TTf.si Point. 

I deem this work a most valuable addiiion to the edueaiional fueiUties of the eoiintry, and a rich soure.c of 
information to the general rcaticr, as it is truly an elegant specimen of typography. 


NOW READY. 

PRACTICAL PHARMACY. 

COMPRISING THE ARRANGEMENTS, APPARATUS, AND MANIPULATIONS OF THE 
PHARMACEUTICAL SHOP AND LABORATORY. 

BY FRANCIS MOHR, Pit. D., 

Assessor Pharmacia; of the Royal Priis.'siun College of Medicine, Coblentz; 

AND TIIEOPHILUS REDWOOD, 

Professor of Pharmacy in the Pharmaceutical Society of Great Britain. 

EDITED, WITH EXTENSIVE ADDITIONS, 

BY PROFESSOR WILLIAM PROCTER, 

Of the Philadelphia College of Pharmarv, 

In one handsomely printed octavo volume, of 570 pages, with over 500 engravings on wood. 

Such a manual as the work before ns has long been a de.sideratum in tlii.s country. There has been a great 
want of a proper text book orPhurinaey. and to this want may be attributed nuich of ihe ignorance which 
prevails oil tliis subject, in places remote from the large citie.s. Tiie minuie practical instruction which it 
conveys, will introduce a new era in the shop of the apothecary throughout the United s^iates. \Ve recom- 
mend It, in the strongest manner, lo the attention of the apothecary and druggist, u.s well as to the physician 
who prepares his ow'ii prescriptions, as a unique eompendiuinof valuable, practical knowledge m Pharmacy. 
—Transylvania Med. Journal.^ August, 1849. 

nreparatian% worhs on Metallurgy , Food, the Steam Engine, Machinea, JiHronomy, 



8. . LEA * BLANCHARD’S NEW PUBLICATIONS. 

library of Illustrated Scientific Works, (Gontimtei,) 

KNAPP'S OHEMIOAL TBOHNOtOGY. 

T E C H N"0 L 0 G Y; 

OR, CnEMISTRT APPLIED TO THE ARTS AND TO MANUFACTURES. 

BY DR. F. KNAPP, 

Professor at the University of Giessen. 

XAUeAy with numtrou* JVkftet and JiddUiont^ by 

DR. EDMUND RONALDS and DR. THO.MAS RICHARDSON. 

First American edition, wllh notes and AddltlouN, 

Bv Professor WALTER R. JOHNSON. 

In two handsome octavo volumes, printed and illustrated in the highest style of art. 

Volume One. lau'ly pnhlislied, with iwo hundred nnd fourteen larg^e wood engravings. 

Volume Two, now ready, with two hundred and fifty wood engravings. 

One of the he?:! works of modern times. — Neie York Commercial. 

VVe think it will prove the most popular, as il is tiecidedly the best of the .siTies. Written by one w’ho has 
for many years studied both theoretically and prnctieally the processes which he describes, the descriptions 
are precise, and conveyed in a simple unpretending style, so that they arc easily understood, while they are 
sufficiently full in detail, to include within them everything necessary to the entire comprehension of the 
operations. 1’lie work is also carefully brought down to include the most r<-cent improvements introduced 
upon the continent of Europe, and thu.s gives us full di'scriptions of processe.s to winch reference i.^ fre- 
queiiily made lu other works ; wink* many of them are. we believe, now’ tor llic first lime presetiied in a com- 
plete state, to the Eiig'i.sh reader. — Franklin Institute Journal. 

In addition to the valuable scientific matter contained in the original work, very extensive American addi- 
lion.s have been made to it by Hie editor, which are exceedingly valuable, and of much iiiicrcst to the general 
reader. The imbiisliers have spared no pains in bringing out a work of superior m-eliaaical execution 
and rare excellence, with numerous .skilfully engraved cuts, de.s.giicd to illnstruie the various siibjecti 
treated in tliis w’ork. We fed <*oiifidcnt that, as a truly useful puhlieaiion, it w’lli be eagerly sought after and 
highly appreciated —A'. Y Farmer an>l M^rhiuiir. 

We hud the pleasure of noticing, in a former number, the first volume of this excellent wt5rk. and of ex- 
pressing our high sen.se of its vaiue. ^\‘e need say little more, therefore . of it* coiitinuHlioil. than that il fully 
sustains the character of its predecessor, both in regard to the value of the original iroaiise. and ilie number 
and im|)ortance of the addiHotis which have been made to it !<}' tlie, English editors. — I'/ie IJrltisk and 
Foreign Mfdico-Chirurgical H‘rifu\ 

When w’e say that tlii.s volume begirns another of the superb ” Library of Illustrated Uook.s,” republished 
from the London SL'rie.s by Lea & Blanchard, of which jMulicr*.s l’Iiy<ics and .Meteorology, and Wei.sbach’a 
Mechanics and l-'iigiiicering (liie first volume of the I’liicr). have already ajtpenred ; iliaiVhe present w’ork is 
on a subject coming home to the husincss ami I'o.soms, because to the e<oiH)mic intcrcsi.s of Americans; that 
Its American edi’or is Prof. Walter R. .Johii'On, who has enriched it wnli numerous valuidde additions, tlie 
results of his owmi industrious researches m the technological sr ienee.s ; and that it i.s illustrated and printed 
in the same superb style which marked the previou.s works;— wc liavo sulTicienlly explained to our readers 
the value of a work which will not need any other commendation — North Amiriran. 

No mechanic, student of chemistry, mint r or manufacturer stiould omit piirchiming this work. Il will be 
found useful, interesting, and instructive to ah.—Fitlshurgh CommerciulJournal. 

WBISBACH’S MBCHANICS. 

PRINCIPLES OF THE 

MECHANICS OF MACHINERY AND ENGINEERING. 

By Professor JULIUS WEIS BACH. 

TRANSLATED AND EDITED BY PROFESSOR GORDON, OF GLASGOW. 

First American Edition, fvltta Additions 

By Professor WALTER R. JOHNSON. 

ITT TWO OCTAVO VOLUMES, BEAUTIFULLY PRINTED. 

Volume One, with 550 illustrations, just issued. 

Volume Two, with 350 illustrations, now ready. 

The second volume of this work embraces the. application of the Principles of Mechanics to 
Roofs, Bridges, Platform Scales, Water Powers, Dams, Water Wheels, Turbines, Water Engines, 
&c. &c. 

This work is one of the rros' interesting to mathematicians that has bcenlaid before us for some time ; and 
we may safely term il a scientific gem. — The BtiiUer. 

The rno.«i valuable contribution to practical seitJiice that has yet appeared in this country. — Athenmim. 
Unequalled by anything of the kind yet produced in ihis country— ihe most standard book on mechanics, 
machinery, and engineering now extant— AT. Y. Commercial, 

In every way worthy of being recommended to our readers —FmnWm Institute Journal. 

What the “M6cani<iue Celeste” is to the astronomer, a treasury of principles, facts, and formulae, on which 
he may draw on almost any and every occasion, that can be conceived to arise in the field either of demon- 
stration or operation.— JVAJAor/wi Quarterly Review. 

From Charles 11. Ilaswell, Esq., Engineer in Chi^, 17. S. N. 

The design of the author in supplying the instructor with a guide for teaching, and the student with an aux- 
iliary for the acquirement of the science of mechanics, has, in my opinion, been attained in a most success- 
ful manner. The illusiratioiis, in the fullness of their coastruciion, and in typographical execution, are 



LEA k BLANCHARD’S PUBLICA’nONS^&jlw/ Aw«».) 

SfeHMITZ & ZUMBT’8\;LA88ICAL SERIES, 


VOLUME I. 

C. Jiriill CiESARlS 

COMMENTARII DE BELLO GALLICO. 


. VOLUME I V.-Ofow Beadf.) 

LATIN GRAMMAR. 

BY LKONHARD SCHMITZ, PH.D., F.R.S.E., 


WITH AN INTRODUCTION, NOTES, AND A GEOGRA- 
PHICAL INDEX IN ENGLISH. 

ALSO, 

A MAP OF GAUL, AND ILLUSTRATIVE ENGRAVINOg. 
In one liandsome lemo. volume of 23a pages, extra 
cloth, price 50 cents. 

VOLUMT': II. I 

PlIBLII VIRGILII MARONIS CARMOIA. 

WITH AN INTRODUCTION AND NOTES. 
In one handsome ISino. vol. of 43S' pages, extra cloth, 
price 75 ccnis. 

VOLUME III. 


RECTOR OF THE HIGH SCHOOL, EDINBURGH. 

In one handsome IBmo. vol. of 31B pages, neatly half 
bound, price 60 cents. 

VOLUME V.-(Now Ready ) 

^ Cnrtii Rnfi de Gestis Alei&ndri Magni 
Libri qni Sopersimt Vlil. 

With a Map, Notes. Introfluction, Illustrations, 

In one handsome l^mo vol., extra cloth. 

VOLUME VI —(Nearlv Ready.) 

M. T. tieEfiONIS ORATIONES SELECTS. 


C. CRISPI SAI.I.ITSTII 

OATILINA ET JUGURTHA. 

WITH INTROD LOTION AND NOTES IN ENGLISH. 

ALSO. 

A MAP OF NUMIDIA, AND OTHER ILLUSTRATIVE 
ENGRAVINGS. 

In one handsome ISmo. vol. of IGS pages, extra cloth 
price 50 cents. 


With Introduction and Notts, 

In one handsome Itfrno. volume. 

VOLUME VII.- (Nearly Ready ) 

INTRODUCTION TO LATIN GRAMMAR. 

BY LEONHARD SCII.MITZ, Ph. D., F. R. S, E., Ac. 

In one handsome ISmo. volume. 


The neatness, cheapnes.s. and 'accuracy of thi.*? series, together with its .skillful adapfai.on to the wants both 
of teacher ami pupil, have secured lor it the almost universal upprohaiion of those lo whom ih<‘ volumes have 
been snhmiped. From among the very numerous testimonials in its favor which the publishers have re- 
ceived they append one or two. 

Fro7n Prof. A. S. Packard. Botvdoin ColUge, Brvnsv'iek. Me., March 5. IMO, 

I cannot refrain lornjer from comnmnicatmg to you the highly favorable impression wliifli they Imve made 
upon me. 1 si-c nothing to desire in ih'* general style of these ed-i ons. I know of no others, which for neat- 
ness and cheapness, mid sutlicient helps ibr the student, surpass them. I am exceedingly pleased with the 
good taste, clear ami prcci.^c siatcinculs. and sound scholarship, which distinguish the notes. As school 
clas.sic.s 1 regard them ns models. 


Froni Prof. Koc ke, Tran'iylvnnia Vniversitu. Lfrington. Ky . March 31. ISIP. 

Whatever infliicnci’ my position may give me., shall lie most cheeriully employed in bring, ng into general 
use in the ^Vest these* very valualile works. I imsi that you will prosfciiie to a close iht* pro[)osed series, 
and that the execution of iho.st' that remain lo complete a Lat.n Curricu.uni may he as neat and in all res- 
pcct.s ti.s unexceptionable us that of those already pnblished. 


BOI.MAR^S FRRACII kSRRIRS. 

New editions of the following works. I‘v A. Kolmar, forming, in connection with ‘Bolmar's Levizac,” a 

complete series for the acquisition of ihe French language: — 

A SELFiCTION OF ONI'. IIUNLHIKD PI'.UlllN’S FABl.KS, accompamed by a Key. containing the. text, 
a literal aud free iranslaiioii. arrangvd m such a manner as to point out the ditiereuee between the French 
and Fhiglish idiom, Ac., in one vol. I’Jmo. 

A COIJ.ECTION OF COI.LOCiUl AI. PHRASES, on eveky topic necessary to maintain convebsa- 
Tio.v Arranged under didereiu }iead«, with mum rous remarks on Ihe peculiar pronunciation and uses of 
various words: the whole so disposed as coinsiderahly lo facilitate the acijuisilion of a correct pronuncia- 
tion of the French, in one vol. IHino. 

LES AVEN'I'FRES DE Tl’.LEMAQUE, PAR FENELON, in one vol. lOmo., accompanied by a Key to 
the. first eight books, in one vol. 12mo . containing, like the Fables, the text, a liieral anu free translation, 
iniemled as a sequel to ihe Fables. Either volume sold separulcly, 

ALL 'rilll FRENCH Vl^RIJS, both regular and irregular, in a small volume. 

IlKRSCllEl/S OUTI.lNI’iJ^ OF ASTRONOMY. (Now ready.) In one handsome volume, crown 6vo., 
with six jibites ami numerous w'ood-cuts. 

IIERSCHEL'S TREATISE ON ASTRONOMY. In one 12mo. vol. half bound, with plates and cuts. 

BREWSTh'iR’S EI.FjMENTS OF OPTICS. In one vol. 12ino.. half bound, with many wood-cuts. 

MULLER’S PRINCIPLES OF IMIYSICS AND METEOROLOGY. In one large and handsome 8vo 
volume, with 510 wood-cuts and two colored plates. 

BIRD S ELE.MEN’PS OF NATURAL PHILOSOPHY. In one large and handsome royal 12mo. volume, 
with 372 wood eiits. 

ARNO TT'S Ef.EIME.NTS OF PHYSICS. In one 8vo. volume, with numerous wood cuts. 

FOWNE'S CHEMISTRY FOR STUDENTS. In one large ro> al 12mo. volume, with nearly tw’o hundred 
wood-cuts. 

BUTLER'S ANCIENT ATIjAS. In one 8vo. volume, half bound, with Iw^enty-one colored quarto maps. 

BUTLER’S ANCHsNT GEOGRAPHY. In one royal P2mo volume, half bound. 

WHITE’S ELEMENTS OF UNIVERSAL HISTORY. Edited by J. S. Hart, LL. D. In one large royal 
12mo. volume, half hound. 

SOMERVII.T.K’S PHYSICAl. GEOGRAPHY. In one royal 12mo. volume. 

SHAW’S OUTLINES OF ENGLISH LITERATURE. In one large royal l2mo. volume. 

From the Kev. W, G. T, Shedd, Professor of English Literature in the University of Vermont. 

I lake great pleasure in saying that it supplies a w’am that has long existed of a brief history of English 

Literature, wriilen in the right rrielhod and spirit, to serve as an introduction lo the critical study of it 1 snail 

recommend the Itook to mv classes. 
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LEA & BLANCHARD’S PUBLICATIONS.-(Lflfw BooJ^,) 


SPENCE’S EQUITY JURISDICTION. 

VOr.VMK IT. JTTST RI'ADY. 

THE equitable JURTSDTCTIOX OF THE COUirr OF CIlANri'RV; comprising its rise, progress 
and final esiahlisliment. To which is prefixed. wMih » view to ilic elucidation of ihe main snl.j«‘ci, a oon- 
ct.se Hceoumof the leading doctrines of the coinmon law. and of the course of proecdure in the ciniris of 
common law. with regard to civil rights; with an niiempt to trace them to their sonreas; uiid m which the 
various alterations made by the. legislature, down to the presen’ day are notict'd. By Ghorok Si’k\( k. Esq., 
one ol her majesty’s counsel. In two octavo volumes Volume I., embracing the Principles, bin lv issued' 
wilb near 700 large Svo pages, Volume II. just ready, wilh near 000 larire pnges. Tlte publishers have 
the pleasure oi announcing that tlie second volume of this valuable work isni lengih passing tapid!) thrmigh 
the press, and will sliorijy lie issued It will contain the application of the Principles of I'apiiiy .liirivi>rn- 
denee lo all ihe various intricate and imporlaiit subjects upon wbicb they bear, and the two voiunicB will 
together form a very complete and thorough exposnion of the Principles and Prueiiee of Eqiiiiy. 


NEW EDITION OF EAST’S REPORTS. 

REPORTS OF CASES AlUITDOED AND DETERMINED IN THE rOURF OF KINO'S EKNCII. 
With tables of the names of the ca.ses and principal mailers. By l'"aiw.\un IIyuf. i:.vvr. !>') . oi ihi Inner 
Temple. Barrister at Law. Edited, v^'iih notes and references, by ( 1 . M. Wiurton, E*..} . of the Philadel- 
phia Bar. Ill eight large royal octavo volumes, bound in best law sheep, raised bands and double title*. 
Price, to subscribers, only twenty-five dollars. 


HILL ON TRUSTEES. 

A PRACTICAL TREATISE ON THE LAW RELATING TO TRr.'^TEE- : theirpoYver^ dm privi- 
leges. and liHl);liiie.<. By .Tames Hill. E^q.. of the Inner 'rerntdt . Barrister at Law. Edited by Euam is J, 
Irolbat, ot the Piiiladelpliia Bar. In one large octavo volume, best law sheep, raised band.s. 


ADDISON ON OONTRACTS. 

CON'I'RACTS AND RIGHTS AND LlABH.ITHiS EX CON- 
J KAE I Li. By < . (i. Addisdx. Lsq., of the Inner Temple, Barrister at Law. In one volume, octavo, hand- 
somely bound 111 law sheep. , - ii» 


IIILMARD 0\- RE 41. ESTATE. Eatoly Published. 


the AMERICAN LAW OF RliAL PROPERTV. Second edition. 
By Francis Hilliard. Counsellor ui Law. In iwo largo octavo volumes 
best law slieep. 


rcvi.xed. corrected, and enlarged. 
S beautifully printed, and bound in 


HOLTHOUSE’S DICTIONARY. 



Lomtoli eiil'ion. will! nunitrous acUliliojis. l.y'lli:Mlv |•IA•TV:T"^^^' I'l'oli'e ".ruo 

VO ume. royal iLino., of about 500 pages, double, columns, baadsotnciy bound in law sheep. 


WHEATON’S INTERNATIONAL LAW. 

ELpENTS OF INTERNATIONAL LAW. By Henry Whk.aton, LL. D., Minister of the 
United estates at the Court ol Russia, &c. Third edition, revised and corrected. In one larM 
and beautiful octavo volume of (iuO pages, extra cloth, or line law sheep. 


TAYLOR’S TOXICOLOGY. 

ON POISONS IN RELATION TO MEDICAL JLTRISPRUDENCE AND MEDICINE. By Al- 
fred S. Taylor, F. R. S., Lecturer on Medical Jurisprudence and Cbeniistry in Ouy’s HosnitaL 
and author of “Medical Jurisprudence, » &c. &c. Edited, wilh notes and additions, hy U. 
Eglesfeld Griffith, M. D. In one large octavo volume, to match the “ Medical Jurispru- 
dence” of the same author. ^ 


TAYLOR’S MEDICAL JURISPRUDENCE. 

A PRACTICAL TREATISE ON MEDICAL JURISPRUDENCE. By Alfred S. Tatlok, Lec- 
turer on Medical Jurisprudence and Cliciiiistry at Guy’s Hospital, London. With nuincrou. 
notes and additions, and refereiiccs lo American law, by R. E. Griffith, M. D. In one volume, 
octavo, neat law sheep. ' 


A NEW WORK ON COURTS MARTIAL. 


A TREATISE 
martial 


ON AMERICAN MILITARY LAW, AND THE PRACTICE OF COURTS- 

WTTH STTGGt^tJTTmvrC Pno »rilPTD rMnn/Airr'Hitf.uhTm n t 
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LEA & BLANCHARD’S PUBLICATIONS-(N/i/wral 


BIRD'S ELEMENTS OF NATURAL PHILOSOPHY. 
bcino an experimental introduction to the physical sciences. 
Illustrated with 372 wood-cuts. 

From the third London edition. In one large royal 12mo. volume of 402 pages. 

auxtott’s xsz.isMiii’TS or phttsics; 

OR, NATURAL PHir.OSOPH V, OKNKRAL AND M KDICAL. 

Written for nniver<«Hl use. in plain or non-iechnical language. 

A NEW EDITION. RY I. HAYS, M. 0. 

Complete in one octavo volume, of four hundred and eighty-four pagei, with 200 cuta, 

MULLER’S PRINCIPLES OpThTYSICS AND METEOROLOGY. 

Ill olio large octavo volume, with 55ti wood culs, and two colored plates. 

ANSTED’S ANCIENT WORLOi OR PI^RESQUE SKETCHES OF CREATION. 

In one very neat volume, royal I2mo., 3^*2 pages, with 1.50 cuts. 

BREWSTER’S ELEMENTS OF OPTICS. 

Edited by A. I). liACllE, LL. D. In one vol., I2mo., 423 pages, many cuts. 

HERSCHEL’S TREATISE ON ASTRONOMY, 

Edited et S. C. WALKER. In one volume, ]2mo., 417 pages, many plates and cuta. 

HERSCHEL’S OUTLINES OF ASTRONOMY. 

In one crown 8vo. volume, witli plates and cuts. (Now Ready.) 

PHILOSOPHY IN SPORT MADE SCIENCE IN EARNEST. 

In one royal 18mo. volume, 430 pages, many culs. 

WEISBACII\S PRTOCIPIdES OF JWECII AIVICS. 

APIM.ILD TO MACHIiNKRY AND KNGLN KKUINO. 

Edited by WALTER R. JOHNSON. In two magnificent vols., with 900 w’ood-cuts. 

KNAPP'S CHEMICAL TECHNOLOGY; 

Or. Chemistry A%iplicd lo the Jiris and to %ltanufnctnrcH, 

Edited by WALTER R. JOHNSON. In two magnificent vols., with 500 wood-cuts. 

KIRBY AND SPENCE'S INTR^UCTION TO ENTOMOLOGY; 

OR ELEMENTS OF THE NATURAL HISTORY OF INSECTS. 

Comprising an Account of Koxious and Useful Inserts; of their Metamorphoses. Food., Stratagems, Habita^ 
lions, Soriities. Motions. Noises. Ihjhernntivn. Instinct, ffc. SfC. 

With Plates, Plain or Colored. 

In one large octavo volume, of six hundred pages. 

CARPENTER'S POPULAR VEGETABLE PHYSIOLOGY. 

In one volume, royal 12ino., many cuts. 

emiFFimS CUE.ntSTRY' OF TRE FOUR SE.ISOJYS, 

An Essay concerning Natural Phenomena admitting of Interpretation by Chtmical Science. 

In one handsome royal 12mo. volume of four hundred and fifty pages, witlt sixty-seven cut*. 

SOMERVILLE’S PHYSICAL GEOGRAPHY. 

Second Edition, enlarged and improved, with a Glossary. Price reduced. 

Mrs. Somerville’s best and most inieresimg work. — North American. 

A mass of curious and valuable information —Putsfewrgk Morning Chronicle. 

fUf.fEE ROOKS 0.\* GRE.1T Si RjrECTS. 

Forming three handsome volumes, royal 12mo. 

Embracing twelve Treatises, on Iniellectual Science, Philo.^opiiy* Insamiy, Organic Chemi.slry, Greek 
Philosophy, I'urly Chrisiiauity, Modern Vulgar Errors, Vcgcuilde Physiology, Criminal Law, Christia* 
l»ects, and Principles of Grammar. Any one sold separate, price 25 cents. 

HALE’S ETHNOGRaFkTy AND PHILOLOGY. 

Being Volume VII. of the Puhlirations of the U. S. Exploring Expedition. 

In one very handsome volume, imperial quarto. 

DANA CN CCRALS. 

Being Volume VllJ. of the Publications of the United States Exploring Expedition. 
in one very handsome volume, imperial quarto, with wood-cuts. 

ATLAS TC DANA ON CORALS. 

Being Volume IX. of the Publications of the United States Exploring Expedition. 

In one volume, imperial folio, of over sixty colored plates. (Now' Ready.) 

BRODERIP’S ZOOLO^CAL RECREATIONS. 

In one rqyal l2ino. volume of 376 pages. 



TO THB MBDlCAZi PROFESSION. 

The following: list embraces works on Medical and other Sciences issued by the subscribers. They are to 
be met with at all the principal bookstores ihronghout the Union, and will be found as low in price a-* in con- 
sistent with the correctness of their printing:, beauty of execution, ilhisiration, and durability orijindiu^. No 
prices are here mentioned, there being no fixed standard, as it is evident that hooks eaniiot he retniled Ht the 
same rate in New Orleans or Chicago as in riiiladelpliia. Detailed catalogues, however, or any iiiforma- 
tiou relative to size, cost, &c., can he had on application, free of po*«iage. ti> tlie siihscrihers. or lo any of ihe 
medical booksellers throughout the country. LEA & BLANCHARD, Philadelphia, 


mCTIOXARHS AND JOURSAIS. 

American Journal of the Medical Sciences, quar- 
terly, at $5 a year. 

Cyclopsedia of Practical Medicine, by Forbes, 
Tweedie, &c., edited by Duiiglisoii, in 4 super 
royal volumes, 3154 double columned pages. 

Dunglison’s Medical Dictionary, 7th ed., 1 vol. 
imp.8vo.,9l2 large pages, double coliinins. 

HobJyn's Dictionary of Medical Terms, by Hays, 

1 vol. large 12mo., 402 pages, double columns, i 

Medical News and Library, monthly, at $1 a year. 

AMTOJir. 

Anatomical Atlas, by Smith and Horner, large 
imp. 8vo., 6*50 figures. New and cheaper ed. 

Horner’s Sj)ecial Anatomy and Histology, 7th 
edition, 2 vols. 8vo., many cuts, 1130 pages. 

Horner’s United States Dissector, I vol. large 
royal 12mo., many cuts, 444 pages. 

Maclise’s Surgical Anatomy, Part I., 8 plates, 
imp. 4to. (To be compklo in 8 parts.) 

Sharpey and Quain’s Anatomy, by Leidy, 2 vols. 
8vo., 1300 pages, 511 wood-cuts. Now ready. 

Wilson’s Human Anatomy, by Goddard, 4th edi- 
tion, 1 vol. 8vo., 252 wood-cuts, 580 pp. j 

Wilson’s Dissector, or Practical and Surgical 
Anatomy, with cuts, 1 vol. 12ino., 444 pages. 

PHYSIOLOGY. 

Carpenter’s Principles of Human Physiology, by 
Clymer, 1 vol. 8vo., 752 pp., 317 illustrations, 
3d edition, much improved and enlarged. 

Carpenter’s Elements, or Manual of Physiology, 

1 vol. 8vo., 566 pages, many cuts. I 

Dunglison’s Human Physiology, 6th edition, 2, 
vols. 8vo., 1350 pages, and 370 wood-cuts. i 

Harrison on the Nerves, 1 vol. 8vq., 292 pages. 

Kirkes and Paget’s Physiology, 1 vol, 12ino., 
many cuts, 550 pages. 

Mattcucci on the Physical Phenomena of Living 
Beings, 1 vol. 12ino., 388 pp., cuts. 

Roget’s Outlines of Physiology, Svo., 516 pages. 

Solly on the Brain, 1 vol. 8vo., 496 pp., 1 18 cuts. 

Todd and Bowman’s Physiological Anatomy and 
Physiology of Man, with numerous wood-cuts. 
(Publishing in the Medical News.) 

PATHOLOGY. 

Abercrombie on the Stomach, 1 vol. 8vo., 320 pp. 

Abercrombie on the Brain, 1 vol. 8vo., 324 pp. 

Alison’s Outlines of Pathology, &c., 8vo., 420 pp, 

Blakiston on Diseases of the Chest, 1 vol., 384 pp. 

Bennet on the Uterus, 1 vol. 12mo., 146 pages. 

Blood and Urine Manuals, by Reese, Griffith, and 
Markwick, 1 vol. 12mo., 462 pages, 6 plates. 

Budd on the Liver, 1 vol. 8vo., 392 pages, plates 
and wood-cuts. 

Burrows on Cerebral Circulation, 1 vol. 8vo., 
216 pages, with 6 colored plates. 

Billing’s Principles, 1 vol. 8vo., 304 pages. 

Bird on Urinary Deposits, 8vo., 228 pages, cuts. 

Hassc’s Pathological Anatomy, Svo., 379 pages. 

Hope on the Heart, by Pcnnock, a new edition, 
with plates, 1 vol. 8vo., 572 pages. 

Hughes on the Lungs and Heart, 1 vol. 12mo., 
270 pages, with a plate. 

Lallemand on Spermatorrhma; 1 voI.Svo., 320 pp. 

Mitchell on Fevers, 1 vol. 12mo., 138 pages. 
Philip on Protracted Indigestion, 8vo., 240 pp. 


Prout on the Stomach and Renal Diseases, 1 vol. 

8vo., 466 pages, colored plates. 

Ricord on Venereal, new ed., 1 vol. Svo. ,310 pp. 
Stanley on Diseases of the Bones, 1 vol. Svo. 
(Now ready.) 

Vogel’s Pathological Anatomy of the Human 
Body, 1 vol. Svo., 536 pages, col. plates. 
Walshe on the Lungs, 1 vol. 12ino., 310 pages. 
Wilson on the Skin, 1 vol, Svo., new ed., 4 10 pp. 

Same work, with colored plates. 

Whitehead on Sterility and Abortion, I vol. Svo. , 
368 pages. 

Williams’ Principles of Medicine, by Clymer, 2d 
edition, 440 pages, 1 vol. Svo. 

Williams on the Respiratory Organs, by Clymer, 
1 vol. 8vo., 500 pages. 

PRACTICE OP MEDICINE. 

Ashwell on Females, 2d ed., 1 vol. 8vo., 520 pp. 
Bartlett on Fevers, 2d edition, 550 pages. 
Benedict’s Compendium of Chapman’s Lectures, 

1 vol. 8 VO., 25S pages. 

Chapman on Fevers, Gout, Dropsy, &c. &c., 1 vol. 
8vo., 450 pages. 

Colombat de L'ls^re on P'cmales, translated and 
edited by Meigs, 1 vol. Svo., 720 pages, cuts. 
Coiulie on the Diseases of Children, 2d edition,! 
vol. 8vo., 65S pages. 

Churchill on the Diseases of Infancy and Child- 
hood, 1 vol. Svo. (Now ready.) 

Churchill on the Diseases of Females, by Huston, 
4th edition, 1 vol. Svo. , 604 pages. 

Clymer and others on Fevers, a complete work 
in 1 vol. Svo., GOO pages. 

Day on Old .4ge, 1 vol. 8vo., 226 pages. 

Dewees on Children, 9th ed., 1 vol. Svo., 648 pp. 
Dewces on Females, 9th edition, 1 vol. Svo., 632 
pages, with plates. 

Duiiglison’s Practice of Medicine, 3d edition, 

2 vols. 8vo., 1500 pages. 

Esquirol on Insanity, by Hunt, 8vo., 496 pages. 
Meigs’ Letters on Diseases of Females, 1 vol. 

8vo., 670 pages. A new work, 1848. 

Meigs on Certain Diseases of Infancy, 1 vol Svo. 

A new work, preparing, 1848. 

Thomson on the Sick Room, &c., 1 vol. large 
12mo., 360 pages, cuts. 

Watson’s Principles and Practice of Physic, 3d 
edition by Condic, 1 vol. Svo. , 1060 large pages. 
West’s Lectures on the Diseases of Infancy and 
Childhood. 1 vol. 8vo., 452 pp. (Now ready.) 

SURGERY. 

Brodie on Urinaij Organs, 1 vol. 8vo., 214 pagot. 
Brodie on the Joihts, 1 vol. 8vo., 216 pages. 
Brodie’s Lectures on Surgery, 1 vol. Svo. ,350 pp. 
Brodie’s Select Surgical Works, 780 pp. I vol. Svo. 
Chelius’ System of Surgery, by South and Norris, 
in 3 large Svo. vols., near 2200 pages. 
Cooperon Dislocationsand Fractures, 1 vol. Svo , 
500 pages, many cuts. 

Cooper on Hernia, I vol. imp. 8vo., many platei. 
Cooper on the Testis and Thymus (Rand, 1 vol. 

imperial Svo., many plates. 

Cooper on the Anatomy and Diseases ofthe Breast, 
Surgical Papers, &c. &c., 1 vol. imp. Svo., pl’ts. 
Druitt’s Principles and Practice of Modern Sui^ 
gery, 1 vol. Svo., 576 pages, 193 cuts, 4th ed. 
Duftoii on Deafness and Disease of the Ear, 1 vol. 
12mo., 120 pfifTes. 
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Ferpusson>s Practical fiurg«ry, 1 tol. 8f«*, 3<i 
edition 630 pages, 274 cuU. 

Guthrie on the Bladder, 8vo., 150 pages. 

Jones’ Oplithalmic Medicine and Surgery, by 
Hays, 1 vol. 12rno., 629 pp., cuts, and plates. 

Liston’s Lectures on Surgery, by MUtter, 1 toI. 
8vo., 6G6 pages, many cuts. 

Lawrence on the Kye, by Hays, new edition, 
much improved, 863 pages, many cutsZlr plates. 

Lawrence on Ruptures, 1 vol. 8vo., 480 pages. 

Miller's Principles of Surgery, 2d edition, 1 vol. 
8vo.,6:{Spp., 1848. 

Miller’s I’ractice of Surgery, 1 vol. 8vo., 496 pp. 

Maury’s Dental Surgery, 1 vol. 8vo., 286 pages, 
many plates and cuts. 

Robertson on the Teeth, 1 vol.8vo.,230pp., pts. 

Sargent's Minor Surgery, I vol. royal l2mo., 380 
pages, 128 cuts. 

MATERIA MEDICA AND THERAPEUTICS. 

Chrislison's and Griffith’s Dispensatory, 1 large 
vol. 8vo., 216 cuts, over 1000 pages. 

Dunglison’s Materia Medica and Therapeutics, a 
new ed., with cuts, 2 vols. 8vo., 986 pages. 

Dunglison on New Remedies, 5th ed., 1 voi.Svo., 
653 pages. 

De Jongh on Cod-Liver Oil, 1 vol. 12mo. (Nov.- 
ready.) 

Ellis’ Medica) Formulary, 9th ed., much improv- 
ed, 1 vol. 8vo., 268 pages. 

Griffith’s Universal Formulary, 1 large vol., 8vo. 
(Nearly ready.) 

Griffith’s Medical Botany, a new work, 1 large 
vol. 8vo., 704 pp., with over 350 illustrations. 

Mayne’s Dispensatory and Formulary, by Griffith, 
1 vol. 12nio., 330 pages. A new work. 

Mohr, Redwood, and Procter’s Pharmacy, 1 vol. 
8vo., 550 pages, 506 cuts. 

Pereira’s Materia Medica, by Carson, 2d ed., 2 
vols. 8vo., 1580 large pages, 300 cuts. 

Royle’s Materia Medica and Therapeutics, by 
Carson, 1 vol. 8vo., 689 pages, many cuts. 

OBSTETRICS. 

Churchill’s Theory and Practice of Midwifery, by 
Huston, 3d cd., 1 vol. 8vo., 526 pp., many cuts. 

Dewees’ System of Midwifery, 11th ed., 1 vol. 
8vo., 660 pages, with plates. 

Lee’s Clinical Midwifery, 12mo., 238 pages. 

Meigs’ Obstetrics ; the Science and the Art ; 1 
vol. 8vo., 686 pages, 121 cuts. 

Ramsbotham on Parturition, with many plates, 1 
large vol. imperial 8vo., 620 pages. 

Smith (Tyler) on Parturition, 1 vol., 400 pages. 

CHEMISTRY AND HYGIENE. 

Bowman's Practical Chemistry, 1 vol. 12mo., 
97 cuts, 350 pages. 

Brigham on Excitement, &c., 1 vol. l2mo., 204pp. 

Dunglison on Human Health, 2d ed.,Svo., 464 pp. 

Powne’s Elementary Chemistry- for Students, 2d 
ed., 1 vol. royal 12mo., 460 pages, many cuts. 

Gardner’s Manual of Medical Chemistry, 1 vol. 
12mo., cuts. 400 pp. 

Griffith’s Chemistry of the Four Seasons, 1 vol. 
royal 12mo., 461 pages, many cuts. 


Chemical Technology, by Johnson, Vol 
1^, §vo., 604 pp., 214 large cuts. 

Vol. II., 8vo., 426 pp., 246 cuts. 

' Simon’s Chemistry of Man, 8vo. ,730 pp., platei. 

j MEDICAL JllISPHUDENCE, EDUCATION, la 

I Bartlett’S Philosophy of Medicine, 1 vol. Svo, 
312 pages. 

Bartlett on Certainty in Medicine, 1 vol. smal 
8ro,, 84 p.'iges. 

Dunglison’s Medical Student, 2d cd. 12mo.,3l2pp 
Taylor's Medical Jurisprudence, by Griffith, 
vol. 8 VO., 540 pages. 

Taylor on Poisons, by Griffith, 1 vol. 8vo., 688 pp 
Traill’sMedical Jurisprudence, 1 vol.8vo.,234pp 

NATURAL SCIENCE, &e. 

Amott’s Elements of Physics, new edition, 1 vol. 

8vo., 484 pages, many cuts. 

Ansted’s Ancient World, Popular Geology, in 1 
12mo. volume, with numerous cuts, 382 pages. 
Bird’s Natural Philosophy, 1 vol. royal 12mo., 

402 pages and 372 wood-cuts. 

Brewster’s Optics, I vol. 12mo.423 pp. many cuts. 
Broderip’s Zoological Recreations, 1 vol. ]2mo., 
pp. 376. 

Coleridge’s Idea of Life, 12mo., 94 pages. 
Carpenter’s Popular Vegetable Physiology, 1 vol. 
royal 12mo., many cuts. 

Dana on Zoophytes, being vol. 8 of Ex. Expedi- 
tion, royal 4to., extra cloth. 

Atlas to “ Dana on Zoophytes,” imp. folio, co- 
lored plates. 

Hale's Ethnography and Philology of the U. S. 

Exploring Expedition, in 1 large imp. 4to. vol. 
Herschel’s Treatise on Astronomy, 1 vol. 12mo., 
417 pages, numerous plates and cuts. 
Introduction to Vegetable Physiology, founded on 
De Candolle, LindJey,&c., 18mo., paper, 25ct8. 
Kirby on Animals, plates, 1 vol. 8vo., 620 pages. 
Kirby and Spence’s Entomology, 1 vol. 8vo., 600 
large pages; plates plain or colored. 

Muller’s Physics and Meteorology, 1 vol. 8vo., 
636 pp., with 640 wood-cuts and 2 col’d plates. 
Philosophy in Sport made Science in Earnest, 1 
vol. royal 18mo., 430 pages, many cuts. 
Roget’s Animal and Vegetable Physiology, with 
400 cuts, 2 vols. Svo., 872 pages. 

Small Books on Great Subjects, 12 parts, done up 
in 3 handsome 12ino. volumes, extra cloth. 
Somerville’s Physical Geography, l2mo., cloth. 
Weisbach’s Mechanics applied to Machinery and 
Engineering,Vol.I.8vo.,486pp. SoOwood-cuts. 
Vol. IL, Svo., 400 pp., 340 cuts. (Now ready.) 

YETERINARY MEDICINE. 

Claterand Skinner’s Farrier, 1 vol. 12mo.,220 pp. 
Touatt’s Great Work on the Horse, by Skinner, 
1 vol. 8vo., 44S pages, many cuts. 

Youatt and Clater’s Cattle Doctor, 1 vol. 12mo., 
282 pages, cuts. 

Youatt on the Dog, by Lewis, 1 vol. demy 8vo., 

403 pages, beautiful plates. 

Youatt on the Pig, a new work w'ith beautiful il- 
lustrations of all the different varieties, 12mo. 


Neill and Smith’s Analytical Compend of Practical Medicine, Surgery, Anatomy, Midwifery, Dis- 
eases of Women and Children, Materia Medica and Thera}»eulics, Physiology, Chemistry, and 
Pharmacy, with numerous illustrations, i vol. l2mo., 900 pages. 350 illustrations. 


MEDICAL BOOKS IN PRESS. 


Barlow’s Practice of Medicine. In one vol. Bvo. (Preparing.) Golding Hird’a Therapeutics. (Preparing.’ 
Carpenter’s Principles of General and Comparative Physiology. 1 n I large bvo. vol., many cuts. ( Preparing. 
Sulla’s General and Special Therapeutics. In one vol. Bvo (Prepuring.) Todd and Bow-man’s Physiological 
Anatomy and Physiology of Man. (Three-fourthsofthis has been published in the Medical News and Library .’7 
A complete work on the Structure and Diseases of the Ear. Malgaigne’s Operative Surgery. In one vol. .‘'v*. 
De LaBeehe’s Geology, wiffi many illustrations. A new work on Popular Medicine, one vol. 8vo. A Cyclo- 
pedia of Anatomy and Physiology, based on the large work of Todd, Graham’s OhemUtr|^by Bridges. ^ 
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Acton’s Modern Cookery, with cuts, 12mo., cl. 
American Ornithology, by Prince Charles Bona- 
parte, in 4 vols. folio, halfbound, colored plates. 
American Military Law and Practice of Courts 
Martial, by Lieut. O’Brien, U. S. A., 1 vol. 
8vo., cloth or law sheep. 

Ansted’s Ancient World, or Picturesque Sketches 
of Creation, 1 vol. 12mo., numerous cuts. 
Addison on Contracts, and on Parties to Actions 
ex Contractu, a new and complete work, 1 
large vol. 8vo., law sheep. 

Arnolt’s Elements of Physics, new edition, 1 
vol. Svo., sheep, with many wood-cuts. 
Broderip’s Zoological Recreations, 1 vol. royal 
12mo., extra cloth. 

Bowman’s Practical Chemistry, 1 vol. royal 
]2mo., extra cloth, wood-cuts. 

Boz’s Complete Works, in 8 vols. 8vo., extra 
cloth, with numerous plates, and wood-cuts. 
Same work, common edition, in paper, 9 parts, 
price $4. Any Book sold separate. 

Same work in 3 large vols., good paper, fancy 
cloth, price $3 75. (A Fourth Vol. preparing.) 
Benthamiama: Extracts from Bentham, in 1 vol. 
12mo. 

Browne’s Religio Medici, 1 vol. 12mo., ex. cl. 
Bell’s (Ellis, Currer, and Acton, authors of“ Jane 
Eyre, Wildfell Hall,” &c.) Poems, 1 vol. small 
12mo. 

Bolmah’s French Series, consisting of— 

A Selection of One Hundred Perrin’s Fables, 
with a Key to the Pronunciation. 

A Series of Colloquial Phrases. 

The P'irst Eight Books of Fenelon’s Telcma- 
chus. 

Key to the same. 

A Treatise on all the French Verbs, Regular 
and Irregular. — The whole forming five 
small volumes, half bound to match. 
Butler’s Atlas of Ancient Geography, 8vo., half 
bound. 

Butler’s Geographia Classica, 1 vol. 12mo. 

Bird’s Elements of Natural Philosophy, from the 
third London edition, 1 vol. royal 12mo., sheep 
or cloth, with 372 illustrations. 

Brigham on Mental Cultivation, &c., I2mo., cloth. 
Bridgewater Treatises, The whole complete 
in 7 vols. 8vo., various bindings: containing — 
Roget’s Animal and Vegetable Physiology, in 
2 vols., with many cuts. 

Kirby on the History, Habits, and Instinct of 
Animals, 1 vol., with plates. 

Prout on Chemistry. 

Chalmers on the Moral Condition of Man. 
Whewell on Astronomy. 

Bell on the Hand. 

Kidd on the Physical Condition of Man. 
Buckland’s Geology, 2 vols., with numerous 
plates and maps. 

Roget, Buckland, and Kirby are sold separate. 
Bird’s Calavar, or the Knight of the Conquest, 
2 vols. 12mo., paper, price 50 cents. 

Boy’s Treasury of Sports and Pastimes, 1 vol. 

Iflmn ' r>rimanti nirttli ifAA illii tpoti/vn • 


Barnaby Rudge, by “ Boz,” paper or cloth. 

Browning’s History of the Huguenots, 1 vol. 8vo, 

Brewster’s Treatise on Optics, 1 vol. 12mo., cuts. 

Babbage’s “Fragment,” 1 vol. Svo. 

Campbell’s Lives of the Lord Chancellors of 
England, from the Earliest Times to 1838, 
now complete in 7 handsome crown octavo 
volumes, extra cloth. 

Chateaubriand’s Autobiography, in neat 12mo. 
volumes. (In press.) 

Christmas Stories — The Chimes, Carol, Cricket 
on the Hearth, Battle of Life, and Haunted 
Man, together with Pictures from Italy, by 
Dickens, 1 vol. Svo,, paper, price 37^ cents. 

Complete Cook, paper, price only 25 cents. 

Complete Confectioner, paper, 25 cents. 

Complete Florist, paper, 25 cents. 

Complete Gardener, paper, 25 cents. 

Curiosity Shop, by “ Boz,” paper or cloth. 

C. Julii CaDsaris Coinmentarii de Bello Gallico, 1 
vol. 18mo., neat cloth, price 50 cts ; being vol. 
1 of Schmitz and Zumpl’s Classical Series for 
Schools. 

Ciceronis Orationcs Seleclie, 1 vol, 18mo., being 
Vol. VI. of Schmitz & Zumpt’s Classical Series. 
(Nearly ready.) 

Campbell’s Complete Poetical Works, in 1 vol. 
crown 8vo., cloth gilt or white calf, plates. 

Coleridge’s Idea of Life, I vol, royal 12nio., cloth. 

Cooper’s Naval History of the United States, 
complete in I vol. 8vo., cloth, with plates and 
maps. 

Cooper’s Novels and Tales, in 23 vols., sheep 
gilt, 12mo., or 47 vols, paper, at 25 cents per 
volume. 

Cooper’s Sea Tales, 6 vols. 12mo., cloth. 

Cooper’s Leather Stocking Tales, 5 vols. 12mo., 
cloth. 

Carpenter’s Comparative Anatomy and Physio- 
logy, with numerous wood-cuts (preparing). 

Clater on the Diseases of Horses, by Skinner, 1 
vol. 12mo. 

Clater’ 8 Cattle and Sheep Doctor, 1 vol. 12mo., 
cuts. 

David Coppcrfield, by Dickens, issuing in num- 
bers, at five cents each. 

Don Quixote, translated by Jarvis, with nume- 
rous illustrations by Johannot; 2 vols., beauti- 
ful crown 8vo., crimson cloth or half morocco. 

Davidson, Margaret, Memoirs of and Poems, in 
I vo). I2mo., paper, 50 cents, or extra cloth. 

Davidson, Lucretia, Poetical Remains, 1 vol. 
12mo., paper, 60 cents, or extra cloth. 

Davidson, Mrs., Poetry and Life, in 1 vol. 12mo., 
paper, 50 cents, or extra cloth. 

Dana on Corals, 1 vol. royal 4to., extra cloth; 
being vol, VIII of the Ex. Ex. publications. 

Atlas to Dana on Corals, being Vol. IX. of the 
Exploring Expedition’s publications, imperial 
folio, 60 colored plates. 

David Copperfield, by Dickens. Publishing in 
Nos. at 5 cents each. 

Dombey and Son, by Dickens; cheapest editioDi 

non r • nth lUnlnf nrin 50 P nts 
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Same work, fine edition, ex. cl., with 40 plates. 

Dog and Sportsman, by Skinner, plates, 1 vol. 
l2ino., cloth. 

Dungliion on Human Health, 1 vol. 8vo., cloth 
or sheep. 

£vans’s Sugar Planter’sManual, 1 vol. small 8vo., 
extra cloth, with illustrations. 

Encyclopaedia of Geography, in 3 octavo vols., 
many cuts and maps, various bindings. 

Encyclopaedia Americana, 14 vols. 8vo., various 
bindings. — Yol. 14, bringing the work up to 
1846, sold separate. 

East’s King’s Bench Reports, edited by G. M. 
Wharton, 16 vols. in 8, large 8vo., law sheep. 

Endless Amusement, neat 18mo., crim. cl., cuts. 

Fielding’s Select Works, in 1 large vol. 8vo., cloth. 

Also, same work, 4 parts, paper, viz., Tom 
Jones 50 cents, Joseph Andrews 25 cents, 
Amelia 25 cents, and Jonathan Wild 25 cents. 

Francalelli’s Modern French Cook, in 1 vol. Svo., 
with many cuts. 

Fownes’ Recent Work on Chemistry, second 
edition, by Bridges, 1 vol. 12mo., many cuts, 
sheep or extra cloth. 

Grahame’s Colonial History of the United States, 
2 vols. Svo., a new edition. 

Graham’s Elements of Chemistry, 1 vol. large 
8vo., many cuts, (new edition, in press.) 

Gieseler’s Ecclesiastical History, 3 vols. Svo. 

Griffith’s Chemistry of the Four Seasons, 1 vol. 
12mo., many cuts. 

Griffith’s Medical Botany, 1 large vol. 8vo., extra 
cloth, 350 cuts. 

Griffith’s Universal Formulary, 1 vol. large Svo. 
(Nearly ready.) 

Crete’s History of Greece, to form a neat 12ino. 
series. {Preparing.) 

Humboldt's Aspects of Nature, 1 vol. royal 12mo. 
(Now ready.) 

Hawker on Shooting, Edited by Porter, with 
plates and cuts, 1 beautiful vol. 8vo., ex. cloth. 

Herschel’s Treatise on Astronomy, 1 vol. 12mo., 
cuts and plates. 

Herschel’s Outlines of Astronomy, 1 vol., crown 
8vo., plates and cuts. (Now Ueatly.) 

Hervey’s (Lord) Memoirs ofGeorge 11. and Queen 
Caroline, a new and interesting work, 2 vols. 
royal l2mo. 

Hale’s Ethnology and Philology of the U. S. Ex- 
ploring Expedition, 1 vol. royal 4to, extra cloth. 

Howitt's (Mary) Children’s Year, a handsome 
juvenile, square 18mo., fancy paper, crimson 
cloth, or cloth gilt, with plates. 

Howitt's (William) Hall and Hamlet, or Scenes 
and Characters of Country Life, 1 vol. large 
]2mo,, p.aper, price 50 cents. 

Henians’ Complete Poetical Works, 7 vols. 12ino. 

Heinans’ Memoirs, by her Sister, 1 vol. 12mo. 

HoJthouse’s Law Dictionary, by Penington, 1 
vol. large 12mo., law sheep. 

Hilliard on Real Estate, new and much improved 
edition, 2 large vols. 8vo., law sheep. 

Hill on Trustees, a late and complete work, by 
Trouhat, 1 large vol. 8vo., law sheep. 

Ingersoll’s History of the Late War, 1 vol. Svo. 

Ingersull’s Late War, Vol. 2, 8vo., paper covers, 
price $1. 

Illustrated Series of Scientific Works, beauti- 
fully printed. — Now ready, Muller’s Physics, 
Weisbach's Mechanics, 2 vols., and Knapp's 
Technology, 2 vols., printed and bound to 
match, containing in all 2000 illustrations. To 
be followed by others in various branches. 

Johnson’s Dictionary of Gardening, by Laiidrcth, 
1 vol. large royal 12mo., 650 pages, many cuts. 
Kennedy’s Life of William Wirt, 2 vols. 8vo., 
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Knapp’s Technology, or Chemistry Applied to 
the Arts and to Manufactures. Translated by 
Ronalds and Richardson, and edited by W. R. 
Johnson, vol. I. large 8vo., with 214 beauti- 
ful wood engravings. — Vol. II. now ready, 
large 8vo., with 250 engravings. 

Kehle’s Christian Year, in 32mo., extra cloth, 
illuminated title. 

Keble’s Child’s Christian Year, 1 vol. 18mo., 
extra cloth. 

Kirby and Spence’s Entomology, 1 large 8vo. 
vol., with plates, plain or colored. 

Louis Blanc’s France under Louis Philippe, or 
the History of Ten Years, 2 large vols. crown 
8vo., or 6 parts, paper, at 50 cents. 

Louis Blanc’s History of the Revolution of 1789, 
Vol. I., crown 8vo., cloth. 

Lover’s Irish Stories, 1 vol. royal 12mo., with 
cuts, extra cloth. 

S.ame work, paper, price 50 cents. 

Lover’s Rory O’More, l^vol. royal 12mo., with 
cuts, extra cloth. 

Same work, paper, price 50 cents. 

Same work, 8vo., price 25 cents. 

Lover’s Songs arid Ballads, 12rno., paper, 25 cts. 

Language of Flowers, eighth edition, 1 vol. 
l8mo., cobjred plates, crimson cloth, gilt. 

Lynch's Narrative of the U. S. Expedition to the 
Dead Sea and River Jordan. 1 large Svo. vol., 
extra cloth, with beautiful plates and maps, 
(now ready.) 

Landreth’s Rural Register, for 1848, royal 12mo., 
many cuts, price 15 cents. Copies for 1847 
still on' hand. 

Marston,or the Soldier and Statesman, by Croly, 
8vo., sew ed 50 cents. 

Martinean’s Eastern Life, Present and Past, a 
new work, 1 vol. crown 8vo., extra cloth. 

Martineau's Household Education, 1 vol., royal 
]2ino. extra cloth. 

Mattcucci's Lectures on the Physical Pheno- 
mena of Living Beings, 1 vol. royal 12mo., 
cloth, with cuts. 

Mackintosh’s Dissertation on Ethical Philosophy, 

1 vol. 8vo., cloth. 

Moore’s Irish Melodies, superb illustrated edi- 
tion, imp. 4to., with steel plates. (Now ready.) 

Mackay’s Western World, 2 vols. 12ino. (Now 
ready.) 

Moore’s History of Ireland, in 2 vols. 8vo., cloth. 
Second volume sold separate. 

Martin Chuzzlewil, by “ Boz,” cloth or paper. 

Muller’s Physics and Meteorology, 1 vol. large 
8vo., 2 colored plates, and 550 w ood-cuts ; a 
beautiful and complete work. Just issued. 

Millwrights’ and Millers' Guido, by Oliver Evans, 
in I vol. Svo., sheep, many plates. 

Mohr, Redwood, & Procter's Practical Pharmacy, 
1 large and handsome Svo. vol., 500 wood-cuts. 

Mill’s History of the Crusades and Chivalry, in 
one octavo volume. 

Mill's Sportsman’s Library, 1 vol. 12mo., ex. cl. 

Mirabeau, a Life History, in 1 handsome 12mo. 
vol., extra cloth. 

Narrative of the United States’ Exploring Expe- 
dition, by Captain Charles Wilkes, U S. N., in 
6 vols. 4to. $60; or 6 vols. imperial 8vo., $25, 
with very numerous and beautiful illustrations, 
on wood, copper, and steel ; or 5 vols. 8vo,, 
$10, with over 300 w ood-cuts and maps. 

Niebuhr’s History of Rome, complete, 2^ large 
vols. Svo. 

Nicholas Nickleby, by “ Boz,” cloth or paper. 

Oliver Twist, by “ Boz,” cloth or paper. 

Picciola — The Prisoner of Fenestrella, illue- 
trated edition, with cuts, royal 12mo., beau- 
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LEA & BLANCHARD'S PUBLICATIONS. 

Sane work, fancy paper, price 60 cents. No. 1. “ Philosophical TheeVie8|ind Philosophi- 

Philosophy in Sport made Science in Earnest, 1 cal Experience.**— No. 2. On the Con- 

vol. 18mo., neat crimson cloth, with cuts. nection between Physiolo^ and Intellectual 

Popular Vegetable Physiology, by Carpenter, 1 Science.’* No. 3. “ On Man’s Povjfcr over 

vol. l2mo., many cuts. himself to Prevent or Control Insanity.” 

Pickwick Club, by “Boz,” cloth or paper. No. 4. “An Introduction to Practical Organic 

Pardoe’s Francis the First, 2 neat vols,, royal Chemistry.” No. 5. “A Brief View of 

12mo., cloth. (Now ready.) Greek Philosophy up tq^the Age of Pericles.” 

Quintus Curtius Rufus, 1 vol., 18mo., cl., being No. 6. “A Brief View of Greek Philoso- 

Vol. V. of Schmitz & Zumpt’s Classical Series. phy from the Age of Socrates to the Coming 

Rush’s Court of London, 1 vol. 8vo. of Christ.” No. 7. “ Christian Doctrine 

Readings for the Young, from the Works of Sir and Practice in the Second Century.” No. 

Walter Scott, a handsome juvenile, just issued, 8. “An Exposition of Vulgar and Common 
in 2 18mo. vols., crim. cl., with beautiful plates. Errors, adapted to the Year of Grace 1845.” 

Ranke’s History of the Popes of Rome, 1 vol. No. 9. “^n Introduction to Vegetable 

Svo., cloth. Physiology, with references to the Works of 

Ranke’s History of the Reformation in Germany, Do* Candolle, Lindlcy,” &c. No. 10. “On 

to be complete in 1 vol. Svo. / the Principles of Criminal Law.” No. 11. 

Ranke’s History of the Ottoman and Spanish “ Christian Sects in the Nineteenth Century.” 

Empires, 8vo., pridu 50 cents. No. 12. “ Principles of Grammar,” &c. 

Rogers* Poems, a spljpndid edition, illustrated. Or the whole done up in 3 vols., extra cloth. 

imperial Svo. Taylor’s Medical Jurisprudence, edited with re- 

Roget’s Outlines of Physiology, 1 vol. Svo. spect to American Practice, by Griffith, 1 vol. 

Roscoc’s Lives of the Kings of England, a 12mo. Svo. 

series, to match Miss Strickland’s Queens. Taylor on Poisons, by Griffith, a new and very 
Shaw’s Outlines of English Literature, 1 vol. complete work, in one large octavo volume. 

large royal 12mo., extra cloth. Traill’s Outlines of Medical Jurisprudence, one 

Somerville’s Physical Geography, 1 vol. royal small vol. 8vo., cloth. 

12mo. Second Edition, improved. Thomson’s Domestic Management of the Sick 

Strickland’s Lives of the Queens of England, Room, 1 vol. 12mo., extra cloth, 
new and improved edition, 12 volumes in 6, Tokeah, by Sealsficld, price 25 cents, 
crown 8vo., crimson cloth or half morocco. — Tucker’s Life of Thomas Jefferson, 2 vols. large 
N.B. This work is now complete. 8vo., cloth. 

Same work, in 12 vols. 12mo., paper or cloth. Virgilii Carmina, 1 neat 18mo. vol., extra cloth. 
For the present, any vol. of either edition sold being vol. II. of Schmitz and Zumpt’s Classical 
separate. Series. Price 75 cents. 

Strickland’s Tales from History, one handsome Wilkes’s Oregon and California, with three large 
ISmo.volume, crimson cloth, with illustrations. maps, 1 vol. 8vo*, price 75 cent8.> 

Steinmetz’s History of the Jesuits, 2 vols. crown Walpole’s Letters, in 4 large vols. Svo. , ex. cloth. 

8vo., extra cloth. Walpole’s New Lettei^ to Sir Horace Mann, 2 

Select Works of Tobias Smollett, one large vol. vols. Svo. 

8vo., cloth. Walpole's Memoirs of George the Third, 2 vols. 

Also, same work, 5 parts, paper, viz.. Peregrine 8vo. 

Pickle 50 cents, Roderick Random 25 cents. White’s Universal History, a new and improved 
Count Fathom 25 centSj Launcelot Greaves 25 w'ork for Schools, Colleges, &c., with Ques- 

cents, and Humphrey Clinker 25 cents. tions by Professor Hart, in 1 vol. large ]2mo., 

Simpson’s Overland Journey around the World, extra cloth or half bound. 

crown 8vo., extra cloth. Weisbach’s Principles of the Mechanics of Ma- 

Same work, 2 parts, paper, price $] 50. chinery end Engineering, edited by W. R. 

Siborne’s Waterloo Campaign, with maps, 1 vol. Johnson, vol. I. large 8vo., with 660 beautiful 
large 8vo. wood-cuts, now ready. 

Schmitz and Zumpt’s Classical Series for Schools, Yol. II., same size and appearance, with 350 
in neat 18mo. volumes, in cloth. wood engravings, (now ready.) 

Sallustii Calilina et Jugurtha, 1 neat vol., cl., price William the Conqueror, Life of, by Roscoe, 1 
30 cts. Being part of Schmitz & Zumpt’s series. vol. 12mo., extra cloth or fancy paper. 
Schmitz’s Latin Grammar. Being part of Schmitz Wheaton’s International Law, 1 vol. large 8vo., 
& Zunjpt's scries, neat vol., half bound, price law sheep, or extra cloth, third edition, much 
CO cents. improved. 

Schmitz’s Introduction to Latin Grammar, being Wraxall’s Posthumous Memoirs, 1 vol. 8vo,, ox- 
part of Schmitz & Zumpt’s Chassical series, tra cloth. 

(nearly ready.) Wraxail’s Historical Memoirs, 1 vol. 8vo., extra 

Stable Talk and Table Talk, for Sportsmen, 1 cloth. 

volume 12mo. Yountt on the Horse, &c., by Skinner, 1 vol. Svo., 

Spence on the Jurisdiction of the Coart of many cuts. 

Chancery, vol. I., large 8vo., law sheep. Youatt on the Dog, with plates, ] vol. crown 

Vol. II., embracing the Practice, (nearly ready.) 8vo., beautiful crimson cloth. 

Small Books on Great Subjects; a neat 18mo. Youatt on the Pig, 1 vol. 12mo., ex. cl., with cuts, 
series, price 26 cents each : — Same work, in paper, price 60 cents. 

Together with rarioos important works now in course of publication. 

•TOir* uE^nw 

OUTLINES OF ASTRONOMY. 

BY SIR JOHN F. W. HERSCHEL, F. R. S., &c. 

In one neat volume, crown 8vo., with srx plates and numerous wood-cuts. 

With this, we take leave of ibis remarkable work ; which we hold to be, beyond a doubt, the greatest and 
nost remarkable of the works in which the laws of astronomy and the appearances of the heavens are des* 




